





Copyright © CIAT 2019
 
The International Center for Tropical Agriculture (CIAT) – a CGIAR Research Center – develops 
technologies, innovative methods, and new knowledge that better enable farmers, especially 
smallholders, to make agriculture eco-efficient – that is, competitive and profitable as well 
as sustainable and resilient. Ecoefficient agriculture reduces hunger and poverty, improves 
human nutrition, and offers solutions to environmental degradation and climate change in 
the tropics. Headquartered near Cali, Colombia, CIAT conducts research for development in 
tropical regions of Latin America, Africa, and Asia.
www.ciat.cgiar.org
CIAT encourages wide dissemination of its printed and electronic publications for maximum 
public benefit. Thus, in most cases, colleagues working in research and development should 
feel free to use CIAT materials for noncommercial purposes. However, the Center prohibits 
modification of these materials, and we expect to receive due credit. Though CIAT prepares 
its publications with considerable care, the Center does not guarantee the accuracy and 
completeness of data used in this work.
Citation
Mwongera, C., J. Mutua, N. Koech, J. Osiemo, I. Kinyua and Nguru W. 2019. “Climate risk 
assessment for selected value chain commodities in Rwanda.” International Center for Tropical 
Agriculture, Cali, Colombia. 
Coordinator and Lead Writer: Caroline Mwongera | Scientist, Farming systems and Climate 
Change | c.mwongera@cgiar.org
Design and Layout: Sherry Adisa | Independent Consultant | adisamsherry@gmail.com
This study is made possible through funding from the Rwanda Agricultural Board (RAB) 
through the Climate Resilient Post Harvest and Agribusiness Support Project (PASP). 
Climate risk assessment for 
selected value chain commodities 
in Rwanda
Team Members: Caroline Mwongera, John Mutua, Nicholas Koech, Jamleck Osiemo,
Ivy Kinyua, Wilson Nguru




Climate risk assessment for selected value chains commodities in Rwanda Climate risk assessment for selected value chains commodities in Rwanda
Table of Contents





i. Geographic scope 5
ii. Selected commodity value chains 12
1.  Bean 12
2.  Cassava 13
3.  Irish potato 14
4.  Maize 15
5.  Tomato 16
6.  Dairy milk 17
Value chain characterization 18
Climate hazard analysis 20
A. Climate Indices 22
B. Climate hazards 24
C. Crop suitability  34
a. Bean suitability 34
b. Maize suitability 35
c. Tomato suitability 36
d. Irish potato suitability 37
e. Cassava suitability 38
f.  Dairy milk suitability 39
g. Heat stress  40
D. Projected trends on the impact of climate change on major 
     crops in Rwanda 42
E. Vulnerabilities to climate change across agriculture value  




Climate risk assessment for selected value chains commodities in Rwanda Climate risk assessment for selected value chains commodities in Rwanda
Abbreviations and acronyms
AIF  Africa Improved Foods
BDF  Business Development Fund
CIAT  International Center for Tropical Agriculture 
RAB  Rwanda Agriculture Board
CCAFS   Climate Change, Agriculture and Food Security Program
CGIAR  Consultative Group on International Agricultural Research
CSA  Climate-Smart Agriculture
IFAD  International Fund for Agricultural Development
IPCC  Intergovernmental Panel on Climate Change
NAEB  National Agricultural Export Development Board
PASP  The Climate Resilient Post-harvest Agribusiness Support Project
PICSA  Participatory Integrated Climate Services for Agriculture 
NGO  Non-Governmental Organization
NDC   Nationally Determined Contribution
RAB  Rwanda Agriculture Board
RCP  Representative Concentration Pathway
RYAF  Rwanda Youth Agribusiness Forum
UNFCCC United Nations Framework Convention on Climate Change
MINAGRI Ministry of Agriculture and Animal Resources
VI VII
Climate risk assessment for selected value chains commodities in Rwanda Climate risk assessment for selected value chains commodities in Rwanda
Glossary
Disaster
A serious disruption of the functioning of a 
community or a society involving widespread 
human, material, economic or environmental 
losses and impacts, which exceeds the ability of 
the affected community or society to cope using 
its own resources.
Disaster risk
The potential disaster losses, in lives, health 
status, livelihoods, assets and services, which 
could occur to a particular community or a 
society over some specified future period.
Exposure
Exposure relates to the economic, social, or 
cultural assets in places and settings that 
could be adversely affected. Typical exposure 
factors include temperature, precipitation, 
evapotranspiration and climatic water balance, 
as well as extreme events such as heavy rain and 
meteorological drought (IPCC, 2012). 
Hazard 
Hazard refers to climate-related physical 
events or trends or their physical impacts that 
may cause loss of life, injury or other health 
impacts, property damage, loss of livelihoods 
and services, social and economic disruption 
and environmental damage (FAO, 2013). In this 
report the term hazard will be related to climate 
related physical events or trends.
Indicator 
An indicator is a sign, or estimate of the state 
of something and often of the future state of 
something. Most importantly, they are used to 
identify vulnerable people, communities and 
regions. In addition, to elucidate information 
on the nature of vulnerability and to better 
identify adaptation options. Moreover, they are 
used to measuring and tracking the process of 
implementing adaptive actions. 
Adaptation  
In human and natural systems, the process of 
adjustment to actual or expected climate and 
its effects, in order to moderate harm or exploit 
beneficial opportunities (IPCC, 2001).
Adaptive capacity 
This is the ability of a system to adjust to 
changes in climate, to moderate potential 
damages, to take advantage of opportunities or 
to cope with the consequences (FAO, 2013)
Climate scenario
A plausible and often simplified representation 
of the future climate, based on an internally 
consistent set of climatological relationships 
and assumptions of radiative forcing, typically 
constructed for explicit use as input to climate 
change impact models. A ‘climate change 
scenario’ is the difference between a climate 
scenario and the current climate (IPCC, 2007)
Climate projection
It is the simulated response of the climate 
system to a scenario of future emission or 
concentration of greenhouse gases (GHGs) 
and aerosols, generally derived using climate 
models. Climate projections are distinguished 
from climate predictions by their dependence 
on the emission/concentration/radiative 
forcing scenario used, which is in turn based 
on assumptions concerning, for example, 
future socio-economic and technological 
developments that may or may not be realized 
(IPCC, 2014)
Climate variability
It refers to the variations in the mean state and 
other statistics (such as standard deviations, 
the occurrence of extremes, etc.) of the climate 
and all spatial and temporal scales beyond that 
of individual weather events. Variability may 
be due to natural internal processes within 
the climate system (internal variability), or to 
variations in natural or anthropogenic external 
forcing (external variability) (IPCC, 2014)
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Nationally Determined Contribution
Nationally determined contributions (NDCs) 
are at the heart of the Paris Agreement and the 
achievement of these long-term goals. Embody 
efforts by each country to reduce national 
emissions and adapt to the impacts of climate 
change.
Resilience
The ability of a system and its component parts 
to anticipate, absorb, accommodate, or recover 
from the effects of a hazardous event in a timely 
efficient manner (FAO, 2013).
Risk 
The potential for consequences where 
something of value is at stake and where 
the outcome is uncertain, recognizing the 
diversity of values. Risk is often represented 
as probability or likelihood of occurrence of 
hazardous events or trends multiplied by the 
impacts if these events or trends occur. In this 
report, the term risk is often used to refer to the 
potential, when the outcome is uncertain, for 
adverse consequences on lives, livelihoods, 
health, ecosystems and species, economic, 
social and cultural assets, services (including 
environmental services) and infrastructure 
(IPCC, 2014).
Risk assessment
A methodology to determine the nature and 
extent of risk by analyzing potential hazards and 
evaluating existing conditions of vulnerability 
that together could potentially harm exposed 
people, property, services, livelihoods and the 
environment on which they depend (FAO, 2013).
Sensitivity 
The degree to which a system is susceptible 
to, and unable to cope with, adverse effects of 
climate change, including climate variability and 
extremes (FAO, 2013). 
Vulnerability
Vulnerability is a function of the character, 
magnitude and rate of climate change and 
variation to which a system is exposed, its 
sensitivity, and its adaptive capacity.
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Executive summary
Rwanda is highly vulnerable to climate change, 
as it is strongly reliant on rain-fed agriculture both 
for rural livelihoods and for exports of mainly tea 
and coffee. With a total population of 10.5 million 
in 2012 and the highest density (415 inhabitants 
per square kilometer in 2012) in Africa, adaptation 
concerns are central to Rwanda’s Nationally 
Determined Contribution (NDC). 
Rwanda’s long-term vision is to become a climate 
resilient economy. Its strategic objectives are to 
achieve energy security and a low carbon energy 
supply that supports the development of green 
industry and services, sustainable land use and 
water resource management that result in food 
security, appropriate urban development and 
preservation of biodiversity and ecosystem services, 
and ensure social protection, improved health and 
disaster risk reduction that reduces vulnerability 
to climate change impact. The priority adaptation 
actions identified in Rwanda’s Green Growth and 
Climate Resilient Strategy (2011) are ongoing and 
expected to be partially or achieved fully by 2050.
Priorities in Rwanda’s NDC include conducting risk 
assessments and vulnerability mapping for better 
planning and implementation of relevant adaptation 
actions. It is in this context that The Climate Resilient 
Post-harvest Agribusiness Support Project (PASP) 
contracted a project on Climate risk assessment for 
selected value chains commodities in Rwanda. 
The methodology used to prepare this report is 
drawn from the conceptual framework of climate-
related risk from the Fifth Assessment Report (AR5) 
of the Intergovernmental Panel on Climate Change 
(IPCC) Working Group II (WGII) to examine the 
impacts that climate change is likely to have on 
agriculture and food security. The approach used a 
combination of the following methods: 
• Review of historic climate hazards and risks 
per district.
• Evaluate climate indices that are potentially 
relevant for agriculture and other sectors in 
Rwanda.
• Compute historical changes in climate 
indices using observed historical (1981-
2015) weather data. 
• Downscale and bias-correct future climate 
projections from the latest set of IPCC 
projections, which comprises an ensemble 
of 20-30 different Global Climate Models 
(GCMs).
• Distil the initial list of climate indices and 
categorize them in relation to factors or 
processes (e.g. heat stress, drought stress).
• Describe the projected changes (exposure) 
in key climate stressors and their potential 
impact on the six value chains. 
The vulnerability of the six value chain commodities 
is discussed in relation to its sensitivity to change, 
coping and adaptive capacity, and the risks 
of climate change on agriculture and small-
scale farmers in the twelve districts assessed. 
To perform climate risk assessment at regional 
level in Rwanda using spatial tools, we acquired 
gridded data covering different biophysical and 
socioeconomic aspects.  The historical climatic data 
on temperature and precipitation from 1981 to 2015 
were downloaded from WorldClim and CHIRPS 
online sources. Future climate projection for period 
2020 2069 were acquired from CCAFS-Climate 
data portal. Other gridded datasets include digital 
elevation model (DEM), soil and land use/cover.
Historical analysis (1981-2015), indicate significant 
climate changes for the first season. Rwanda has 
experienced a temperature increase of 1.49°C 
and 0.53°C in season one (September, October, 
November and December here referred to as SOND) 
and two (March, April and May here referred to as 
MAM) respectively since 1981, higher than the 
global average, and can expect a slight decrease 
of 0.16°C and increase of 0.93°C in season one 
and two respectively in temperature by the 2030s 
from 1981. Rainfall  is highly variable in Rwanda; 
historically average rainfall has decreased by 26% 
and 2% in SOND and MAM respectively. Future 
climate scenarios have projected average rainfall 
may increase in SOND by up to 15% and further 
decrease in season MAM by 1.64% by the 2030s. 
This is expected to lead to increasing rainfall 
intensity, leading to a higher frequency of floods and 
storms resulting in landslides, crop losses, health 
risks, and damage to infrastructure, as well as an 
increase in temperatures resulting in proliferation of 
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diseases, crop decline and reduced land availability 
that impacts on food security and export earnings.
Impact of climate change effects are different across 
the six value chain commodities. We present results 
of the two main hazards affecting each value chain. 
Climate hazards that represent key vulnerabilities 
for the six value chains are drought, moisture stress, 
flooding, heat stress and strong winds. In beans, 
drought is likely to have severe impact on the 
provision of seeds and other inputs whereas floods 
result in severe incidences of decreased use of seed 
and fertilizer and soil erosion. Drought has minor 
to moderate effect on use of organic manure and 
price and quality of cassava. Additionally, hailstorms 
severely affects accessibility of roads and erosion, 
and damage cassava bushes which leads to poor 
quality and volume of cuttings resulting to minor 
to moderate reduction in prices. For Irish potato, 
drought leads to severe effect on the availability of 
seed and use of inputs. In addition, flooding leads 
to erosion, fertilizer and seed washing off. In the 
maize value chain, drought typically contributes 
to severe reduction in the planting of maize, and 
weeding. Strong winds have a minor impact on 
soil erosion resulting to inaccessibility of inputs. 
They also cause moderate lodging and uprooting 
of the maize crop.  Floods have a moderate impact 
on accessibility of tomato farms, which also affects 
supply of seed, organic fertilizer and pesticides. On 
the other hand, moisture stress results in difficulties 
in land preparation and nutrient assimilation by 
tomato plants.  In the dairy milk value chain, drought 
has a severe to moderate effect on availability of 
pasture. Additionally, there is an increase in the cost 
for veterinary and artificial insemination services 
and milk spoilage. Heat stress reduces the quality 
of pasture and results in a moderate increase 
in demand for veterinary services and artificial 
insemination.
Results show that beans, maize, cassava will gain 
new areas for cultivation and this translates to new 
opportunities for more production while potato 
and tomato will lose suitable areas, translating to 
reduction in production. Milk production is set 
to gain and lose in two fronts (i) increase in areas 
suitable for cultivation of feed i.e. Napier (ii) heat 
stress for animals is projected to increase with more 
areas predicted to be affected by heat stress and 
thus affect dairy cattle by reducing production. 
Climate change has different economic implications 
on agriculture and food security in Rwanda. 
The results from this analysis support the need 
to increase productivity for the crops assessed, 
particularly potato, beans and milk since the 
demand for these commodities is expected to 
increase. Particularly for Rwanda, focusing on 
increasing beans yields and supply through 
technology adoption is important given that the 
country is among those in Eastern Africa that are 
likely to realize high yields. 
Water harvesting, enhancing infiltration and water 
catchments can help minimize risk to climate 
change. Use of soil conservation methods can 
additionally minimize soil erosion and contribute 
to water management. Improving organic matter 
will increase infiltration and build ground water. 
Improved and stress tolerant genotypes are 
important to support climate change adaptation for 
smallholder farmers. Mechanization and climate-
proofed infrastructure is required to enhance 
efficiencies across the value chain. The formation of 
farmer associations and cooperatives help members 
to obtain higher production and price. With 
increased incomes, farmers would be able to adapt 
faster to emerging challenges in the production 
environment. Provision of climate information from 
Rwanda Meteorological Agency in collaboration 
with other private and public partners helps 
farmers and cooperatives plan seasonal activities 
to minimize impacts from climate risk. Participatory 
processes such as PICSA can improve climate 
information for farmers and decision makers alike. 
Off-farm services such as index-based insurance, 
early warning systems, credit and financing are still 
very limited for the six value chains in the twelve 
districts.  Similarly, formal credit facilities that could 
help in supporting production activities are low.
The formulation and implementation of district-
level climate change action plans grounded in 
assessment of local needs and resources could 
be an important step towards the operation of 
resilient farming systems. Furthermore, increased 
alignment of policy and investments will be 
able to identify opportunities that increase and 
strengthen resilience to climate change impacts. 
We recommend the development of climate change 
investment plans to identify sets of transformative 
climate change investment and policy opportunities 
contextualized  in support of the county’s climate 
commitments. A second component will be to build 
the capacity of producers, and cooperatives to 
respond to the distinct and very diverse needs of 
farmers such as to segment farming populations, 
assess their needs and constraints, and customize 
the short list of investment packages accordingly. 
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Overview
Overall Project Goal and Objectives
The objective of The Climate Resilient Post-harvest 
Agribusiness Support Project (PASP) is to support 
smallholder farmers to commercialize their farming 
business through development of bankable 
business plans. Therefore, it is essential to timely 
disseminate accurate, location specific, climate 
and weather information and present the locally 
and time specific suitable crop, livestock and 
livelihood options in order to ensure the success of 
smallholder farmers projects in a more variable and 
changing climate. The overall target of this work was 
to assess the climatic risks for the six value chain 
commodities in the 12 districts of PASP.
The climate risk assessment aims to understand and 
quantify the vulnerability of maize, beans, cassava, 
Irish Potato, milk and tomato value chains using 
an integrative and responsive methodology. We 
use the conceptual framework of climate-related 
risk from the Fifth Assessment Report (AR5) of the 
Intergovernmental Panel on Climate Change (IPCC) 
Working Group II (WGII) to examine the impacts that 
climate change is likely to have on agriculture and 
food security (Figure 1).
According to the IPCC, climate change risk results 
from the interaction of vulnerability, exposure, and 
hazards.  
Vulnerability refers to the degree to which a system 
is susceptible to, and unable to cope with, adverse 
effects of climate change, including climate 
variability and extremes. Vulnerability is a function 
of the character, magnitude, and rate of climate 
change and variation to which a system is exposed, 
its sensitivity or susceptibility to harm, and its 
adaptive capacity (Parry et al, 2007) (GIZ).
The propensity or predisposition to be adversely 
affected (IPCC), formulated as follows:
Vulnerability = f(Exposure, Sensitivity, Adaptive 
Capacity)
Hazard refers to climate-related physical events 
or trends or their physical impacts that may cause 
loss of life, injury or other health impacts, property 
damage, loss of livelihoods and services, social 
and economic disruption and environmental 
damage (FAO, 2013). While, exposure relates to 
the economic, social, or cultural assets in places 
and settings that could be adversely affected. 
Typical exposure factors include temperature, 
precipitation, evapotranspiration and climatic 
water balance, as well as extreme events such 
as heavy rain and meteorological drought. 
Changes in these parameters can exert major 
additional stress on systems (e.g. heavy rain 
events, increase in temperature, or shifts in the 
period of peak rain) (GIZ). The presence of people, 
livelihoods, environmental services and resources, 
infrastructure, or economic, social, or cultural assets 
in , places that could be adversely affected (IPCC, 
2012).
Figure 1: Illustration of 
the key concepts of risk. 
Source, IPCC 2014, p. 
1046
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The vulnerability analyses has been undertaken 
for current conditions and under projected 
climate change for the decade 2030s and 2050s. 
The adopted methodology by CIAT provides a 
framework for policy makers, researchers, and 
stakeholders to assess district level climate risk, 
identify the areas and value chains that are under 
the risk of climate change and develop potential 
adaptation plans.
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Methodology
i. Geographic scope
The assessment of climate risk for the six value 
chains commodities (maize, beans, cassava, 
irish potato, milk and tomatoes) was conducted 
across the 12 Districts of PASP intervention area 
namely; Kamonyi, Muhanga, Ruhango and Nyanza 
in Southern province, Kayonza, Ngoma, Kirehe, 
Gatsibo and Nyagatare in Eastern Province and 
Musanze, Nyabihu and Rubavu in North-Western 
province (Figure 2). 
Figure 2: The map of Rwanda showing the 12 districts targeted by the PASP project
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1. Kamonyi
Kamonyi district is located in the Southern 
province of Rwanda. According to theNational 
Institute of Statistics of Rwanda the population 
is 340,501. 8.7% and 22.3% are extremely poor 
and poor respectively (NISR, 2018). Kamonyi 
has an average rainfall of 1,200 mm to 1,400 
mm and an average temperature of 20°C. Its 
relief is made of low-lying plateau, except in the 
western part, which is mountainous (Karulinda 
et al., 2016). Kamonyi District is drained by the 
great river Nyabarongo along the east and north 
and Akanyaru River, which border the District 
in the north and eastern part. The soil is largely 
humified, permeable and fertile. A granite ridge 
and a sandy loam occupy parts of the District.  In 
the rainy season, heavy storms are experienced 
causing soil erosion1 in the hilly bare land and 
flooding in the low and wetland areas of the 
district making them important climate change 
hazards in Kamonyi district. 
2. Muhanga 
Muhanga district is located in the southern province. 
According to the National Institute of Statistics of 
Rwanda, fourth population and Housing Census 
(NISR, 2012), Muhanga district has a population of 
319,141. 13.8% and 32.6 % are extremely poor and poor 
respectively (NISR, 2018). Muhanga district receives 
an average rainfall of 1100 mm to 1200 mm (Muhanga, 
2007) and has an average temperature of 18.7°C. 
The soils are generally humic Kaoli soils derived from 
granitic rocks; lateritic and granite soils spread over 
most of the district area while swamps and lowlands 
are characterized by clay soils rich in silt. Livestock 
production is a key sub-sector especially towards the 
economic development of Muhanga with majority of the 
households (77%) raising some type of livestock which 
is higher than the national average. Sectors located at 
the high mountains (e.g. Nyabinoni, Mushishiro, Rongi, 
Kabacuzi, Kibangu, Kiyumba) are severely affected by 
land degradation due to erosion2 that sweeps away 
an important portion of croplands. The percentage of 
land protected against soil erosion in Nyanza district 
is 76.6% (NISR, 2018). Impacts of climate change on 
food production include rainfall irregularity, drought, 
heavy rain, storms, floods3, pest and disease such as 
maize stalk borer; banana xanthomonas wilt (BXW) and 
cassava mosaic virus (CMV) disease.
1The percentage of land protected against soil erosion in Kamonyi district is 88.4%.Soil erosion is an important effect for production as it influences agricultural 
productivity resulting in lower yields and therefore low income for the producers. (Claudine, 2015).
2A large percentage of land (88%) has been reported as protected against soil erosion; the figure is above the national average.
3 In May 2012 flooding in Muhanga led to crop destruction and failure, water stagnation with vector disease risk, especially malaria, infrastructure destruction, 
loss of properties, death of people etc. (REMA, 2013).
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3. Ruhango
Ruhango District is located in the southern province 
of Rwanda. According to the National Institute 
of Statistics of Rwanda, fourth population and 
Housing Census (NISR, 2012), Ruhango district has 
a population of 319,885. The EICV5 states that 15% 
and 32% are extremely poor and poor respectively 
(NISR, 2018) translating to relatively high poverty 
rates compared to other districts in Rwanda. It has 
an elevation of 1,782m above sea level. The climate 
in Ruhango district is tropical with average annual 
temperatures of 19.3°C and average rainfall of 
1170mm. It has an impressive production of avocado 
and has the highest concentration of crossbred cattle. 
This district has land degradation issues especially 
since 76.4% of the population use firewood for 
cooking resulting to deforestation. The percentage 
of land protected against soil erosion in Nyanza 
district is 74.1% (NISR, 2018). In terms of exposure 
and vulnerability to climatic risks, Ruhango is highly 
exposed to flooding, erosion risks and earthquake 
hazard. 
4. Nyanza 
Nyanza district is located in the southern province of 
Rwanda. According to the National Institute of Statistics 
of Rwanda, fourth population and Housing Census (NISR, 
2012), Nyanza district has a population of 323,719 people. 
The EICV5 states that 16% and 46.5% are extremely poor 
and poor respectively (NISR, 2018).  Nyanza slopes from 
west to east. The highest point is 2,112 m on Shyunda hills 
in Nyagisozi Sector and its lowest point is at 1,300 m in 
the Akanyaru valley. The district has a humid climate; the 
western side has relatively low temperatures and plenty of 
rainfall while the East has an average annual temperature 
of 20°C. Agriculture is very important in Nyanza district 
particularly livestock with almost 70% households raising 
some type of livestock. There are many activities towards 
transforming this sub sector for instance the veterinary 
department has introduced artificial insemination to farmers 
to modernize livestock production. Additionally, Nyanza 
has one of Rwanda’s largest milk and yoghurt producing 
companies and some dynamic milk markets (Nyanza, Ntyazo, 
Busoro and Rurangazi), a milk collection center in Mukingo 
sector and a dairy plant. The percentage of land protected 
against soil erosion in Nyanza district is 82.5% (NISR, 2018) 
and more efforts have been considered towards curbing 
soil erosion through terracing and afforestation. Important 
climate change impacts include increased rainfall with a 
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5. Kayonza
Kayonza District is located in the Eastern province. 
According to the National Institute of Statistics of 
Rwanda, fourth population and Housing Census 
(NISR, 2012), Kayonza district has a population of 
344,157 people from which EICV5 states that 8.5% 
and 26.7 % are extremely poor and poor respectively 
(NISR, 2018). The relief of Kayonza district is made 
of many hills and slopes whose altitude varies 
between 1400 and 1600 m. The recorded annual 
average temperature varies from 18°C to 26°C, while 
the annual average rainfall varies from 1000 mm 
to 1200mm, with March and April receiving more 
precipitation. Most of the soils in Kayonza district are 
loamy and few others are sandy with loam mixture 
and clay soils. According to the EICV3, agriculture 
as a main economic activity it contributes to about 
80% of household incomes. However, it recognizes 
the need to involve population that is more youthful 
in agricultural activities and transform production 
systems to be sustainable for farming households4. 
The percentage of land protected against soil 
erosion in Kayonza district is low with EICV5 (NISR, 
2018) estimating it to be 57.8%. Important climatic 
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6. Ngoma
Ngoma district is located in the Eastern province of 
Rwanda. It has an average altitude of 1400m to 1700m 
and a temperate climate in the lower altitudes. Ngoma has 
an annual average temperature of 20°C, while the annual 
rainfall ranges between 900 mm and 1400 mm. The District 
has vegetation dominated by savanna grasslands with 
scattered shrubs and three lakes namely Bilira, Mugesera 
and Sake that are major sources of water. According to the 
National Institute of Statistics of Rwanda, fourth population 
and Housing Census (NISR, 2012), Ngoma district has a 
population of 336,928 people from which EICV5 states that 
14% and 37.8% are extremely poor and poor respectively 
(NISR, 2018). Agriculture, a significant sector in Ngoma 
especially in reduction of poverty, employs 81.5% of 
the working population and contributes more than half 
(56.3%) of their household incomes. The percentage of 
land protected against soil erosion in Ngoma district is low 
with EICV5 (NISR, 2018) estimating it to be 54.2%. Poor 
commercialization of crops as measured by the share of 
harvest sold (23.6%) and climatic risks i.e. droughts and 
floods are some of the main challenges facing agriculture in 
Ngoma district.
4“Nearly seven out of ten cultivating households cultivate under 0.9 ha of land (which is the average size that the Food and Agriculture Organization 
estimates that a Rwandan household requires to conduct sustainable agriculture), including 22% with under 0.3 ha of land (EICV3 Kayonza district 2012)”.
8 9
Climate risk assessment for selected value chains commodities in Rwanda Climate risk assessment for selected value chains commodities in Rwanda
7. Kirehe
Kirehe district is located in the Eastern Province 
of Rwanda. According to the National Institute of 
Statistics of Rwanda, fourth population and Housing 
Census (NISR, 2012), the district has a population 
of 340,638 people. The EICV5 states that 18.5% and 
44.6 % are extremely poor and poor respectively 
(NISR, 2018). Among the working population, 88.3% 
are actively engaged in agriculture. Kirehe is 1500m 
above sea level characterized by a low plateau area 
and mountains, which divide the region into two 
geographical sections. The Akagera River surrounds 
the southeastern part of the district and continues 
into Lake Victoria. Vegetation in this district is of the 
eastern savanna type, very dense and  with acacia trees 
and planted forests prevalent. The climate is tropical 
temperate, with average temperatures of 20-21°C on 
the plateau and more than 21°C in the lowlands. The 
north of the district is drier than the south, with an 
average rainfall of less than 900mm compared to 900-
1100mm. Therefore, the climate of Kirehe is between 
tropical montane dry in the north and tropical montane 
moist in the south (Bockel & Touchemoulin, 2011). The 
percentage of land protected against soil erosion in 
Kirehe district is 73.9% (NISR, 2018). Important climate 
hazards are droughts, erosion risks and stormy heavy 
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8. Gatsibo
Gatsibo district is located in the Eastern Province 
of Rwanda. It has lowly inclined hills and flat land 
separated by dry allies in the granite low valley with 
an average altitude of 1550 m spread on the plateau 
and the Savannah of the Eastern part of the country. 
Gatsibo experiences low rainfall of about 874mm 
and average temperatures of 20.9°C. The district has 
an abundance of the humus bearing ferralsols and 
one originating laterite from the deterioration of the 
shales and phyllites. The district’s natural vegetation is 
steppe wooded; short grasses. Small trees and shrubs 
cover its hills. According to the National Institute of 
Statistics of Rwanda fourth population and Housing 
Census (NISR, 2012), Gatsibo district has a population 
of 433,020 people.  The EICV5 states that 18.8% and 
42.1% are extremely poor and poor respectively (NISR, 
2018). The percentage of land protected against 
soil erosion in Gatsibo district is 72.7% (NISR, 2018).  
Indigenous breeds dominate over the exotic breeds. 
Artificial insemination and cross breeding are carried 
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9. Nyagatare
Nyagatare is a semi-arid district located in the 
eastern province of Rwanda. It has an elevation 
of 1414 m above sea level. According to the 
EICV5, out of the estimated population of 466,944 
more than half (62.2%) of the district population 
are identified as non-poor5 with 20.1% being 
extremely poor and 44.8% being poor (NISR, 2018).  
Nyagatare has an annual average temperature 
of 25.3 °C to 27.7°C and receives little amount of 
rainfall of 827mm which is very unpredictable. The 
soil characteristics are tightness of the humified 
layer brought about by the grassy savanna and 
by the vertisols rich in nutrients mineral elements 
but lacking organic matter (Nyagatare, 2013). 
Soil erosion, rivers siltation, deforestation and 
degradation of forest alongside Umuvumba and 
Akagera Rivers and droughts are the main effects of 
climate change. The percentage of land protected 
against soil erosion in Nyagatare district is 41.6% 
(NISR, 2018).  
Nyagatare
1,741km2
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10. Musanze
At an average altitude of 1860 m, Musanze district 
is in the Northern Province of Rwanda and is the 
most mountainous district, containing the largest 
part of the Volcanoes National Park. According to 
the National Institute of Statistics of Rwanda, fourth 
population and Housing Census (NISR, 2012), 
Musanze district has a population of 368,264 
people. EICV5 states that 18.1% and 40.7% are 
extremely poor and poor respectively (NISR, 2018).  
It has two distinct zones and consequently related 
types of soils, one being volcanic area with moderate 
slopes and volcanic ash soils with lava predominant 
stones. The other part comprises steep hills where 
erosion is active. Musanze has a tropical climate of 
high altitude with an average temperature of 20°C 
and average rainfall that varies between 1400 mm 
and 1800 mm. The percentage of land protected 
against soil erosion in Musanze district is 47.4% 
(NISR, 2018). The major impacts of climate change 
in this district include heavy rains which lead to 
flooding and landslides (EICV3 Musanze district, 
2012). 
5An extreme poverty line was also set as the cost of buying the food consumption basket if nothing was spent on non-food at all; this line corresponds to 
RWF 83,000 and the poverty line corresponds to RWF 118,000 (NISR,2012). 
6In 2012, many sectors (Shingiro, Busogo. Gataraga, Musanze, Kimonyi, Muhoza, Muko, Nyange and Kinigi) were affected by the unpredictable floods that 
left scores homeless and destroyed infrastructure, crops and fishponds leading to major losses.
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11. Nyabihu
Nyabihu district in the western province of 
Rwanda has an altitude range of 1,460 m 
to 4,507 m. The climate is mild in general; 
average temperature is 15°C with an average 
rainfall of 1,400 mm per year. According 
to the National Institute of Statistics of 
Rwanda, fourth population and Housing 
Census (NISR, 2012), Nyabihu district has a 
population of 294,740 people. EICV5 states 
that 18% and 46.8 % are extremely poor and 
poor respectively (NISR,2018). With 73.9% 
of all main jobs falling under the agriculture 
sector, climate variability is an important 
factor especially since Nyabihu is among 
the districts that are at risk because of their 
exposure to floods and landslides7, which 
could affect agriculture production. The 
percentage of land protected against soil 




No of Sectors No of Cells No of Villages






   Cereals               &Roots                Banana              &Pulses                &Fruits                Crops






































Percentage of plots with organic fertilizer use
Cattle             Sheep             Goats            Pigs              Rabbits             Chicken      Other Livestock
26.6%
24.3%










Tubers OtherVegetables    Legumes
& Poultry
Agricultural markets and cooperatives
Season A





Percentage of plots with inorganic fertilizer use
35.8%
403,662
Sources: NISR 2012, 2017 Seasonal Agricultural Survey,Season A
Nyabihu
515.2 km2
No of Sectors No of Cells No of Villages






   Cereals               &Roots                Banana              &Pulses                &Fruits                Crops






































Percentage of plots with organic fertilizer use
Cattle             Sheep             Goats            Pigs              Rabbits             Chicken      Other Livestock
45.4%
60.1%










Tubers OtherVegetables    Legumes
& Poultry
Agricultural markets and cooperatives
Season A





Percentage of plots with inorganic fertilizer use
35.5%
294,740
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12. Rubavu
Rubavu is located in the western province 
and has the biggest population among 
the districts in this region. According 
to the National Institute of Statistics of 
Rwanda, fourth population and Housing 
Census (NISR, 2012), Rubavu district has a 
population of 403,662 people. EICV5 states 
that 14.6% and 35.7% are extremely poor 
and poor respectively (NISR,2018). At an 
altitude of 1469 m, Rubavu has an equatorial 
climate with average temperatures of 20°C 
and an average amount of rainfall varying 
from 1200mm to 1500mm. Soils vary from 
very rich but shallow soils to deep, often 
acidic, sandy clays that are highly eroded. 
The percentage of land protected against 
soil erosion in Rubavu district is 88.7% 
(NISR, 2018). Climatic hazards identified 
in this district are flooding with landslide 
occurrences (Nyamyumba) as well as heavy 
rains and winds affecting all its sectors. 
7 It is also one of the districts identified as vulnerable to climate-related natural hazards and erosion risks.For instance floods majorly affect the sectors of 
Bigogwe, Genda and Mukamira (François & Nisengwe, 2016).
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ii. Selected commodity value chains
The main crops in Rwanda are roots & tubers [cassava (11%), Irish potato (10%) and sweet potato (5%)], 



















The post-harvest losses of beans in Rwanda 
are associated with lack of proper post-harvest 
handling infrastructure like drying and storage 
facilities (Ingabire, 2017) leading to losses across all 
postharvest stages of harvesting, drying, shelling, 
winnowing, storage and processing. Losses 
include those associated with pests. Umubyeyi 
and Rukazambuga (2016), report that 84.6% of the 
harvested beans were affected by pests. Bean losses 
in Rwanda amount to 30% of total harvest.
1. Bean
Beans are one of the main staple food crops grown 
in Rwanda. 90.2% of households grow beans (NISR, 
2012).  The total acreage under beans is estimated 
to be 320,000Ha annually (MINAGRI, 2011). The 
following graph shows bean production in Rwanda 
over a period of  13 years. A decrease in yields in 
2008, 2011, and  2014 to 2017 was attributed to 
droughts and floods.
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Most of the crop is consumed by the household 
or sold at the local market. An increase in cassava 
yields was recorded between 2008 and 2011. A 
decline in yields in 2008, 2012 and between 2014 
and 2017 is attributed to droughts.
Cassava losses are mainly attributed to 
physiological post harvest deterioration (PPD) and 
brown streak disease root necrosis (Nduwumuremyi 
et al., 2016). Loss due to PPD alone is estimated at 
11.9 % of total production per year. Once harvested, 
cassava roots are highly perishable with two types 
of post harvest deterioration which are primary 
physiological deterioration that involves internal 
discoloration and secondary deterioration due to 
microbial spoilage (Naziri et al., 2014).
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Irish potatoes in Rwanda are mainly produced 
in the North, which has favorable ecological and 
climatic conditions. Nyabihu, Rubavu and Musanze 
have volcanic ash soil and the high altitude 
necessary for potato production (International 
Potato Centre, 2002). Irish potato has become an 
important food crop in Rwanda with more than 1 
million Metric Ton of potatoes produced (in 2012 
according to RAB), and about 133,000 hectares 
under cultivation, representing 10% of all land under 
cultivation. The national average yield is 12.02 T/
ha (Crop Assessment 2011A Season, 2011). Small 
or subsistence farmers operate mostly under an 
association or farmer group’s umbrella (Enterprise 
Network Mapping Study in Rwanda, 2009). The 
graph below shows Irish potato yields between 
2005 and 2017. Major flood events occurred in 
2006, 2007, and 2010 resulting in loss and damage 
to agricultural crops. There was also a decline in 
production from 2014 to 2016 due to droughts, with 
2016 having the worst drought in decades.  Most 
of the crop is consumed by the household or sold 
at the local market. Irish potato is highly perishable 
and therefore susceptible to water loss and bruising 
(FAO, 1981). The main cause of potato losses is 
the poor  handling that occurs along the value 
chain.  These losses amount to approximately 37.4% 
(Charles, et al., 2016).  Others include losses during 
harvesting (damages by harvesting tools, cracks, 
rot and early potato harvesting.  During storage, 
poor potato storage and handling are responsible 
for losses.  Dehydration, tuber cracking due to 
squeezing, and cracking at loading and off-loading 
are the main causes of Irish potato loss during 
transportation.
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Seventeen percent of arable land is under maize 
cultivation.  Smallholder maize farmers in Rwanda 
are organized into cooperatives (MINAGRI, 2011).  In 
2011, maize planted late in season A (late October 
to early November) was hit by drought leading to 
a 12% decline in maize yield. The decrease in yield 
reached 26% in the South, 19% in West, 4% in the 
North, and 5% in the East (MINAGRI, 2011). The 
graph below shows maize yields between 2005 
and 2017. Between 2011 to 2013 and 2015 to 2017 
there was a decline in production due to floods in 
2010 and droughts in 2011, 2013, 2015 and 2016. 
Significant maize losses have been registered 
in Rwanda occurring at all post harvest stages. 
Inefficient drying and cleaning of maize is termed as 
the main cause of maize losses (Goretti, et al., 2016). 
Losses occur due to increased humidity levels 
which aid molding. A study carried out by FAO and 
Save food (Goretti, et al., 2016) in Musanze and 
Nyagatare to ascertain the amount of maize losses 
showed that about 82.7% of the sampled grains 
were affected by insects. This is in addition to other 
types of losses such as seeds that were broken, 
damaged by pests, rotten, discolored, immature 
and the germinated which in Musanze was 10.5% 
and 20.3% in Nyagatare . This was estimated at USD 
40,814 and USD 59,918 in Musanze and Nyagatare 
respectively in 2015. Estimates from the African 
Postharvest Losses Information System (APHLIS) 
shows that maize post-harvest losses reached 19% 
in 2012 (APHLIS, 2017).  
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According to (Norton & turner, 2009), tomato is the 
second largest vegetable produced and cultivated 
in Rwanda. It is also the crop with the highest value. 
It is sold in the domestic markets as well as in DR 
Congo and Burundi as a fruit and in processed form. 
For the Rwandese people, tomato is an important 
crop and considered as both food and cash crop 
(Concorde, 2013). According to the horticultural 
survey carried out by MINAGRI-RHODA, (2008), 
the total production estimate in 2008 was 69.742 
tonnes covering a total area of 6,800 ha (van Dijk, 
2015), with average yields amounting to 12.5t/
ha for that year. Ngoma, Rwamagana and Rusizi 
districts had the highest production of tomato at 
more than 5000t/year (MINAGRI-RHODA, 2008). The 
graph above shows production of tomatoes with a 
noted reduction in yields in 2010 and 2011, and a 
continued decrease in yields from 2013 to 2017 due 
to droughts. 
Tomato productivity in Rwanda increased by almost 
300% between 2008 and 2010  (Van Dijk and 
Dijkxhoorn, 2015).
Despite high levels of production of tomatoes in 
Rwanda, a high percentage is lost. According to 
Commodity Systems Assessment (CSAM, La Gra et 
al., 2016) farmers lose 21% of their crop on average 
during harvest, 11.5% at collection,  10% at the 
wholesale level and 13.6% at the retail level. The 
post harvest losses are attributed to over maturity at 
harvest leading to over ripening of tomatoes, rough 
handling due to lack of proper training, poor quality 
containers and rough transportation (USAID, 2018).
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The dairy sector is an important and growing 
source of income to smallholder farmers in Rwanda. 
It contributes to about 6% of the gross domestic 
product (GDP). Rwanda has over 1.4 million dairy 
cows managed by over 720,000 dairy farmers 
(MINAGRI Livestock Populations 2011; NISR, 2012). 
Moreover, there has been a transition towards 
market-oriented models with exotic breeds in the 
dairy sector. Most of the dairy farmers in Rwanda 
own between 2-3 cows. These farmers are grouped 
into cooperatives and deliver milk to collection 
centers or chilling plants. Napier grass is one of 
the important sources of fodder (Klapwijk et al., 
2011) for the dairy sector. Being a perennial grass 
which is regularly harvested with a fast regrowth 
(Umunezero et al., 2016), Napier grass is mostly 
planted on the farm terraces and the edges of the 
farms. It is sometimes a cash crop for farmers who 
sell it to those who own livestock during drought 
periods (Klapwijk et al., 2011). The milk yield 
between 2005 and 2017 is as shown in the graph 
below. The reduction of milk is attributed to the 
reduction of fodder and loss of animals to droughts. 
For instance, the years between 2015 and 2017 saw 
the worst drought in decades leading to a reduction 
in fodder and milk production in Rwanda. The main 
climate risks that farmers cited as causing death 
and decreased milk production were diseases (tick-
borne, foot and mouth, lumpy skin, tsetse fly-borne); 
reduced fodder caused by drought and heat stress.
The milk value chain challenges are  unhygienic 
milk practices, poor product quality, lack of price 
incentives, lack of appropriate trained personnel 
along the milk value chain, inappropriate transport 
equipment, lack of market accessibility, mastitis 
and water adulteration (FAO, 2016). According to 
TechnoServe (2008), more than 90% of the milk 
produced in Rwanda by smallholder farmers is in 
the informal market.  Fifty percent of this milk ends 
up in losses and does not make it to the market 
(Abdulsamad and Gereffi, 2016).
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Value chain characterization
The maize value chain engages about 61-80% of the 
population, and is more important for household 
income followed by productivity, adapting to 
climate change and food security.  Input suppliers 
are mainly medium scale agro dealers. Key inputs 
include land owned by farmers and cooperatives, 
seed, organic and inorganic fertilizers bought 
from cooperatives; and extension advice. Small-
scale farmers dominate the production stage, 
with land preparation, planting, weeding and 
harvesting as the major activities. Medium scale 
actors such as Minimex and Bralirwa are involved in 
storage, processing (shelling), winnowing, sorting 
and chemical application at the harvesting and 
processing stage. The product marketing stage 
of the value chain engages majorly small-scale 
wholesalers, for example Sarura and Aprodev. 
Bulking (aggregation), market linkages, Pricing and 
selling are the key activities. 
Less than 20% of the population is engaged in the 
Irish potato value chain. The major importance of 
the commodity to the household is in food security, 
productivity and income. The value chain has lower 
benefits on adaptation to climate risks. Small-scale 
suppliers provide main inputs, which are land, 
seed, fertilizers, pesticides, labor and extension 
advice. The main on-farm production activities are 
seed multiplication, land preparation, planting, 
weeding, spraying and harvesting by small-scale 
farmers. Main storage and processing activities 
are dehaulming, sorting, grading, transporting, 
collection, storing and processing.  For the 
marketing stage linking farmers to buyers, grading, 
pricing and selling. Small-scale wholesalers and 
processors are dominant in the processing and 
marketing stage respectively. 
The dairy milk value chain employs an estimated 
41-60% of the population in the twelve districts. 
The commodity is very important for food security 
followed by productivity and income. It has a low 
impact on adapting to climate.  Pasture, animal feed 
and housing, and genetic improvement are key 
inputs provided by medium-scale service providers. 
Some providers are large like Inyange. Feeding, 
vaccination, harvesting, dehorning are carried out 
by small-scale farmers in the production stage. 
Medium scale processors dominate production 
stage and engage in collection, storing, transporting 
and processing. Pricing, grading, promoting, 
branding and linking farmers to markets is led by 
large scale wholesalers in the marketing stage. 
The bean value chain engages 61-80% of the 
population in the twelve district. Major input 
activities are land, seed, organic and inorganic 
fertilizers, and labor provided by medium scale 
suppliers. Small-scale scale farmers mainly 
engage in the production activities, which are land 
preparation, planting, weeding and harvesting. In 
the processing stage transportation, small-scale 
processors perform collection, processing, and 
bulking. Key activities in the marketing stage are 
grading, market linkage, pricing, selling by medium 
scale wholesalers. Bean is an important value chain 
for food security. It also has high productivity and 
provides income. It has lower benefits for climate 
adaptation. 
41-60% of the population in the twelve districts 
engages in the tomato value chain. Land, planting 
materials, organic and inorganic fertilizers, 
pesticides and insecticides are predominant in 
the input stage. Small-scale suppliers dominate 
this stage. Land preparation, nursery preparation, 
mulching planting and pest and diseases 
management are key production activities. Most 
farmers are medium scale. Transporting, storing, 
processing, sorting activities are critical in the 
processing stage, undertaken by small-scale 
processors. Unlike the other five value chains, 
tomato is important for climate adaptation because 
it is carried out in irrigated systems. It also plays an 
important role in food security and incomes. 
The cassava value chain engages about 41-60% of 
the population, and is more important for household 
food security, productivity, followed by adapting 
to climate change and incomes.  Input suppliers 
are mainly small-scale. Key inputs include land, 
planting materials and capital. Medium scale 
farmers dominate the production stage, with land 
preparation, planting, weeding and harvesting 
as main activities. Transporting cassava tubers, 
selling, cleaning, sorting, drying and processing are 
essential at the harvesting and processing stage. 
The product marketing stage of the value chain 
engages majorly small-scale wholesalers, in grading, 
pricing, linking farmers to buyers and selling.
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Provision of 
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Climate hazard analysis
To develop the climate risk assessment in Rwanda, 
we acquired gridded data covering different 
biophysical and socioeconomic aspects of the 
study.  The historical climatic data on temperature, 
solar radiation and precipitation from 1981 to 2015 
were from WorldClim, Princeton University and 
CHIRPS online repositories. WorldClim, CHIRPS 
and Princeton Meteorological Forcings are sets of 
global climatic datasets with spatial resolution of 
approximately 1 km2, 5 km2, 10 km2 respectively. 
Datasets for the future climate projection for the 
period 2020 to 2069 were from the CCAFS-Climate 
data portal. These are downscale (1km x 1km) of 
around 25 GCMs each with four RCPs (2.6, 4.5, 6.0 
and 8.5) of 2 time periods, 2030s and 2050s. Other 
gridded datasets include; the digital elevation 
model (DEM), soil and land use/cover (Table 1).
Table 1: Data sources, uses and technical specifications
Data Specifications Availability
Temperature & Precipitation 
Use: Suitability (Current & Future)





Temperature, Solar Radiation 
& Precipitation
Use: Hazard mapping (Current & Future)










Use: Soil erosion/ Hazard mapping










Resolution: 30m x 30m
Source: http://www.globallandcover.com
2010
Road networks, Warehouses, 
Drying grounds, Milk centers, 
Current land use/cover,
Local soil data
Use: Affected infrastructure by climate hazards 
Source: MINILAF and PASP
Not Provided
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Figure 3: Rwanda first season (March, 
April and May) and second season 
(October, November and December)
To quantify climate hazards, we calculated agro-
climatic indices at a grid-cell scale using a set 
of metrics of crop responses to climate in the 12 
districts. Metrics used include indicators of drought 
stress, heat stress, precipitation and temperature  
variability, flash floods, erosion risk, , variability of 
length of growing period and moisture stress among 
others (Table 2). 
Table 2: Some of the metrics used in deriving agro-climatic indices for current (1981 - 2015) and future 
(2020 - 2069) scenarios




Mean daily temperature averaged for a 
specified period High temperature
GDD °C/day
Crop duration. Growing degree days calculated 






Total number of days with maximum 




mm/year Annual total precipitation Total precipitation
CDD days
Maximum number of consecutive dry days (i.e. 
with precipitation < 1 mm day-1) Drought stress
P5D mm/year Maximum 5-day running average precipitation Flash floods










Calculation of the indices were carried out in the 
entire area of study, across the two time periods 
(1981 - 2015) and (2020 - 2069) and for two seasons 
(figure 3). 
Additionally, we analyzed the trends in agro-
climatic indices for each metric on a yearly basis 
and produced time series plots for current scenario 
(1981 - 2015) and future projections (2020 - 2069). 
Finally, we computed the absolute change in 
respect to the baseline for each metric.
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Climate change and 
vulnerability
According to the Notre Dame Global Adaptation 
(ND-GAIN) Index, Rwanda is the world’s 12th 
most vulnerable country to climate change. With 
a vulnerability score of 0.615, it has vulnerability 
composition of ecosystem services at 16%, food 
at 18%, water at 13%, infrastructure at 17%, human 
habitat at 18% and health at 17%. This means that 
it is on the road to responding effectively to climate 




Rwanda’s average annual temperature trend 
between 1981 and 2005 is highly significant. 
This is more so in the first season where the 
average observed annual temperature in 1981 
was ~19.25 0C which over time increased to 
highs of 20.75 0C in 2005. This is an average 
increase of ~1.5 0C within a period of 24 years 
attributed almost entirely to the warming 
of climate in recent decades. The observed 
average temperature trend in the second 
season however is maintained at ~19.4 0C with 























Figure 4: Observed temperature trends in Rwanda (1981 - 
2005)
Annual temperatures are projected to increase 
across Rwanda by 2050s. This is a trend 
repeated across all the RCPs in corresponding 
timescales. The climate models indicate that 
both seasons will very likely experience a 
uniform upward trend relative to the current 
temperature conditions (figure 5).
Figure 5: Rwanda projected temperature trend across 
different time slices (2020s and 2050s) plotted against 
RCPs
Increasing temperatures across seasons 
in Rwanda may increase yields for some 
value chains leading to growth in market 
opportunities. Nonetheless, warming 
climate can negatively affect crop suitability, 
potentially expand habitable range of weeds, 
pest and diseases, and implicitly increase 
agricultural costs.   
b. Precipitation
Over the entire observable years (1981 - 
2015), the total annual precipitation in the first 
season decreased from ~580 mm in 1981 to 
~515 mm in 2016 (figure6). However, in the 
second season the total annual precipitation is 
maintained at ~425mm with a low of ~299mm 
recorded in 1993. The highest precipitation 
event (~600m) in Rwanda according to the 
22 23
Climate risk assessment for selected value chains commodities in Rwanda Climate risk assessment for selected value chains commodities in Rwanda
trend was in the first season of 2010. These 
outputs indicate influence of natural annual 
variability on precipitation, and suggests 
that changes in rainfall over the region in 
the observable timescale cannot be plainly 






















Figure 6: Observed precipitation trends in Rwanda (1981 - 
2005)
Total precipitation across Rwanda projected 
into the future given different models 
and scenarios is generally expected to be 
maintained at ~500mm per annum (figure 
7). The best-case scenario indicates small 
decreases with intermediate and worst case 
scenarios predicting an overall steady flat 
trend in annual rainfall. While both seasons 
are reckoned to exhibit a common trend, the 
first season just like in the observed trend is 
projected to have higher amounts of rainfall 
annually. However the magnitude of this 
change is quite uncertain. 
Figure 7: Projected total precipitation trend in Rwanda 
under different timescales (2020s and 2050s) and 
scenarios
Reducing rainfall with unsettled inter-annual 
amounts might adversely affect agricultural 
productivity and quality in Rwanda. Extreme 
cases of low rainfall might increase the need 
for irrigation putting rain-fed dependent 
agricultural systems at risk. On the other 
hand, increased frequency of higher rainfall 
events might lead to damage of crops and 
infrastructure because of flooding, erosion and 
sedimentation. 
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B. Climate hazards
1. Drought Stress
Rwanda is predominantly a temperate region 
prone to variable and extreme climatic 
conditions. Variability of rainfall is common 
throughout the year and across the country 
leading to floods and landslides in northern 
and western region, and droughts in the east. 
According to Rwanda’s Ministry of Lands 
and Forestry (NAPA report, 2006), prolonged 
seasonal drought, dry spells in rainy seasons 
and yearly droughts are among persistent 
problems to the country.
In this study, maximum number of 
Consecutive Dry Days (CDD) is analyzed 
seasonally and in each year as a proxy for 
within-season dry spell length. This is a good 
indicator of drought stress. Seasonal CDD is 
derived as the maximum of the CDD of each 
month in each season (dry and wet). Hence 
the analysis does not take into account 
prolonged dry spells that start in a given 
month and spill over to the following month(s) 
in a season.
The frequency of CDD relative to the base 
period 1980 - 2015 has slightly increased 
between 1981 and 2015 with an average of 10 
CDD across both seasons. In the first season 
however, greater peaks were observed in 
1992 and 1999 while in the second season 
high dry day extremes were recorded in 1993, 
1998, 2007 and 2010 respectively (figure 8). 
The overall maximum number of CDD pattern 
is in general consistent with the historical 
perspectives of the drought impacts in 
Rwanda since 1981 (NAPA, report 2006).
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Figure 8: Maximum number of consecutive dry days 
(CDD) in Rwanda for the period 1981-2015 derived from 
observed climatic data
Our analysis predicts that there is likelihood 
that average temperature will rise across 
Rwanda moving into the future assuming 
moderate gain in greenhouse gas emissions 
is maintained. However, the increase of 
frequency and length of dry spells are less 
certain. Essentially, what is evident is that 
the current steady pattern of maximum 
number of CDD will probably be maintained 
at approximately 13 days given the window 
of study, 2020 - 2069. This is a phenomenon 
likely to be experienced in the first and the 
second season, across all the RCPs (figure 9).
Figure 9: Projected trend in annual and seasonal maximum 
number of consecutive dry days (CDD) in Rwanda for the 
2020 - 2069 period
The exclusively rain-fed crops in Rwanda 
such as maize, Irish potatoes, and beans are 
cool season crops vulnerable to intolerably 
longer and intense dry spells. These ranges of 
crops are generally sensitive to dry conditions. 
Increasing temperatures together with 
frequent drought can cause soil crusting, 
wilting, shorten grain-filling period, and 
reduced fodder. This can impact quality and 
quantity of output or lead to total crop failure.
Frequent drought is a principal climate change 
concern for livestock production globally. 
It affects forage quantity and quality, water 
accessibility and related heat stress on cattle. 
24 25
Climate risk assessment for selected value chains commodities in Rwanda Climate risk assessment for selected value chains commodities in Rwanda
During drought, streams and ponds dry up 
constraining access to water. Resources have 
to be committed to provide alternative water 
sources. Dairy production would suffer greatly 
due to high temperature and heat stress that 
is concomitant with longer dry spells. Milk 
production losses are estimated at 60% in 
times of a drought (Kagabo and Ndayisaba, 
2015).
2. Flooding
Extreme wet and dry events, which may 
lead to flood and drought incidents, are the 
main meteorological hazards that cause 
catastrophic socio-economic impacts in 
Rwanda (MIDMAR, 2012). Studies have shown 
that in the course of the last three decades, 
rainfall has generally decreased in eastern 
Africa between the months of March and June 
(Funk et al., 2008; Williams and Funk, 2011). 
Nonetheless the intensity at which it rains 
has increased (MINITERE, 2006), resulting 
to associated consequences such as floods, 
landslides and soil erosion.
The characterization of extreme precipitation 
used in this study is determined by 95th 
percentile threshold and maximum 5-day 
moving average applied to daily precipitation 
values. The analysis is carried out on a daily-
yearly basis on the same location, across the 
two seasons for the observed and predicted 
precipitation values during all the wet events. 
Observed extreme precipitation pattern 
during the long-rain (first season) and short-
rain (second season) periods over Rwanda is 
more variable at a decreasing trend generally 
matching calculated precipitation pattern 
(figure 10).  At 95th percentile, extreme daily 
precipitation events are steadily maintained at 
~20 mm/day in the first season and gradually 
decreases by ~1 mm/day in the second 
season. The trend is repeated in the maximum 
5-day rolling average more so in the second 
season over the same period (1981 - 2015). 
Analysis of the inter-annual variability of the 
extreme rainfall events shows that the wettest 
events were recorded in 1981, 1985, 1995, 










































































Figure 10: Extreme precipitation events; (1981-2015). On the left is the 95th percentile and on the right is the maximum 
5-day running average derived from gridded average precipitation values. 
It is likely that the current observed frequency and 
intensity of heavy rainfall events will be maintained 
or in the worst-case scenario amplified given the 
likelihood that temperature will increase. The 
analysis projects a variable extreme precipitation 
pattern centered at ~17 mm/day and ~18 mm/day 
for the maximum 5-day running average and the 
95th percentile of daily precipitation respectively 
(figure 11). This is a common trend in both seasons 
and in all RCPs with the first season having higher 
variability compared to the second season given 
the time slices (2020s and 2050s). According to 
MINITERE, flood risk zones are largely located 
in deforested areas of southern, northern and 
western province (MINITERE, 2006). Frequent 
intensive rainfall events in these areas have caused 
widespread flooding and landslides, soil erosion, 
and destruction of crops, houses and infrastructure. 
Additionally, human and animal lives have been 
lost.Productive soils are distinguished by adequate 
levels of nutrients, moderately high levels of organic 
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matter, fairly good soil structure, moderate PH 
levels and healthy microbial activity among others. 
Rainfall erosive power is expected to be maintained 
or increased because of exacerbated rainfall 
events. Any increases will intensify soil erosion in 
absence of conservation practices and in the face of 
growing human and animal population. Expected 
increases in soil erosion due to unabated surface 
runoff because of climate change will likely lead to 
increased off-site, non-point source pollution hence 
affecting river ecosystem structure and functions.
3. Heat Stress
East Africa, an identified climate change 
“hotspot” (Giorgi 2006), is predicted to 
experience a 1-20C temperature increase by 
mid-21st century under both mid-range (A1B) 
and high (A2) SRES emissions scenarios 
(Anyah and Qiu 2012) and 3-5 °C warming 
by 2100 under A2 (Engelbrecht et al. 2015). 
Predicted increases have remarkable 
consequences on agricultural production.
In this study, heat stress is generally 
determined by looking at three indicators; 
temperature variability (see discussion on 
temperature), growing degree days (GDD) 
and the total number of days with maximum 
temperature greater or equal to 35 0C. GDD, 
calculated at a base temperature of 100C 
is a weather-based indicator for accessing/
monitoring crop development, and 
determining suitability of a region for crop 
production, cutting dates for forage crops and 
calculation of harvest dates.
Figure 11: Extreme precipitation events (2020 - 2069). On the left is maximum 5-day running average and on the right is the 
95th percentile of daily precipitation trend
Average GDD trend between 1981 and 2005 is 
highly significant especially in the first season. 
This clearly likens the upward temperature 
trend observed in the same period. Since 
1981, GDD in the first season has increased 
from ~9.3 0C/day to ~10 0C/day (figure 12). 
An upward trend of about 0.7 0C/day, which  
can be credited to variability in maximum and 
minimum daily temperature. The same pattern 
however small the change is, can be said of 
the second season.
The number of observed hot days with 
temperature capped at 35 0C and above has 
seen a slight increase in the second season 
for the past 21 years with negligible change in 
the first season. Such pattern is persistent due 
to low temperatures experienced in Rwanda 
during the long rainy season, and vice versa 
in the second season. The conspicuous peak 
in 1997 is attributed to the 1997/1998 El-
Nino event that was accompanied with high 
temperatures. 
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Figure 12: On the left is observed growing degree-days (GDD) in Rwanda 1981-2015. On the right, number of observed hot 
days with temperature capped at 350C and above
The current variability in GDD and number of 
hot days is expected to continue into the near 
future. Temperature projections suggest that 
Rwanda’s temperature will increase by about 1 
to 2.5 0C by 2050 (Tenge et al., 2013), and 1-6 
0C by 2100 (Mitchell, 2003). Such increases 
are expected to push GDD in an upward trend 
and influence the frequency and intensity of 
heat. This is an anticipated climatic pattern 
that will be played across the two seasons 
given the different emission scenarios (figure 
13). 
While warmer temperatures are expected 
to improve pasture quality and enhance 
productivity in mid-latitudes of Eastern Africa 
under climate change, productivity gains will 
be discounted by additional heat stress (FAO, 
2016). CO2-driven woody plant encroachment 
onto grasslands may diminish the carrying 
capacity of the land in essence reducing 
diversification options for agro-pastoral 
systems.
Furthermore, heat extremes are expected 
to affect farmers and those who engage in 
outdoor activities without proper protection 
(Myers, 2012). This can cause heat related 
illness that would reduce agricultural labor 
and/or increase operation costs. Heat 
stress has negative effects on dairy cattle 
through decreased milk production, reduced 
reproductive performance, detrimental effect 































































Figure 13: Projected growing degree-days (GDD) and the number of observed hot days with temperature 
capped at 35 0C and for the period 2030 - 2069. 
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4. Moisture Stress
Among the various extreme events brought 
about by climate change that limit crop 
production, increased moisture and heat 
stresses are considered to be most critical 
globally, and particularly in Rwanda (Prasad 
et al. 2008; Niang et al 2004). Changes in 
both temperature and precipitation determine 
availability of moisture. Warmer temperatures 
increase water losses from evaporation and 
evapotranspiration (Mortsch, 2006). Longer, 
warmer temperature growing periods can 
heighten these extremes resulting in acute 
water stress and at times drought. Such 
conditions can lead to shortened crop 
reproduction stage, pollen sterility, reduction 
in leaf area and ultimate reduction in crop 





the maximum possible water loss from a 
vegetation covered land surface while the 
actual evapotranspiration (E
t
) is the actual 
water loss from soil. Therefore, in this study 
moisture stress was determined as the 
maximum number of consecutive days with 




 below 0.5. Typically, this is 
a measure of plant water supply in relation to 
plant water requirement.
Observed patterns of moisture stress over 
Rwanda show an overall stable trend. In the 
first season however, our analysis indicate 
higher frequency of variability compared to 
the second. In fact the general trend in the first 
season records an increase of approximately 
a day or two since 1981 (figure 14). This could 
be attributed to variability in precipitation and 
the overall temperature increase exhibited 
during the same period. Higher and lower 
moisture stress days could be explained by La 
Nina/drought (1983, 1990, 1999/2000) and 
El Nino/flood (1986/87, 1991/92, 2001, 2002) 
events respectively experienced in Rwanda.
Looking at different RCPs across the years 
(2020 - 2069), it is notable that there are only 
subtle differences in the overall pattern of 
water availability compared to the current 
state. However our analysis project slightly 
higher moisture stress days in the second 
season in comparison to the observed base 
period (figure 15).
Figure 14: Observed moisture stress determined as the maximum number of consecutive days 
with the ratio of Et to Ep below 0.5
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Figure 15: Projected moisture stress determined as the maximum number of consecutive days with the ratio of Et to Ep 
below 0.5 for the period 2020 - 2069.
Water and heat stress are projected to 
decrease the length of growing period and 
potentially shrink areas suitable for agricultural 
production. This is expected to be felt more 
along the boundaries of arid and semi arid 
regions in Africa that includes East Africa 
(Conway 2009; CIAT 2011).
Fruit production including tomatoes in many 
parts of Rwanda is mostly in open fields with 
little irrigation. In such a situation, warming 
temperatures and variable moisture stress 
can result in sun-burn and cracking in fruits. 
It can also cause dehydration injury and low 
fruit production per tree plant. Predicted 
change in water stress is not only expected to 
reduce crop productivity but also accelerate 
fruit ripening (Henson, 2008). These would 
complicate post-harvest handling and 
marketing possibly leading to losses. The main 
climate risks are drought stress during the 
dry season, diseases and pests. Phytophytola 
infestus (late blight) seriously damages 
tomatoes in the field during rainy and dry 
seasons. Viral diseases such as leaf curl cause 
damage to tomato production.
Bean yield is also influenced by variability 
in precipitation and subsequently water 
availability. Studies suggests that bean 
productions in East Africa are more sensitive to 
rainfall variations than temperature increases. 
Characteristics of erratic rainfall are drought 
and heavy rains that come at the wrong time 
of the season, i.e. rains in the dry season or dry 
periods in the rainy season.  Climate change 
scenarios projects that lowland areas could 
lose up to 20% of the current beans production 
while the highlands are expected to gain up to 
57% in bean productivity (Umesh et al., 2015). 
Climate risks contribute to an increase in pests 
and diseases. Major insects and diseases are 
beans flies and bean stem maggots, Angula 
leaf spots, bean anthracnose and common 
blight.
Research shows that the optimum temperature 
for a potato to do well is 17°C, beyond which 
potato production reduces. Similarly, moisture 
stress reduce potato yield by decreasing its 
growing period and by diminishing the size of 
the tubers and the total number (Karafyllidis et 
al. 1996). Under the observed study window 
(1981 - 2015), spatial suitability of potato 
production across Rwanda is good especially 
in the lowlands. However, moving into the 
future (2030s, 2050s) our analysis shows 
that climate change will significantly limit its 
suitability to the highlands.
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With adequate moisture, maize can do well on 
daily maximum temperatures between 32.2°C 
and 37.8°C. Higher than this, maize production 
per 1 inch decrease in rainfall result in 9% 
reduction in yield Runge (1968). This therefore 
suggests that with warming temperatures, 
maize not only suffers from heat stress but also 
its sensitivity to moisture availability deepens. 
Even so, our analysis project that larger area 
of Rwanda will continue being suitable for 
maize production.  Other studies reflects this 
scenario by suggesting that maize production 
in Rwanda could increase by 11% come 2030 
and 15% by 2050 (Thornton et al. 2010). 
Drought at grain filling causes yield losses of 
30-40% depending on the severity. Cumulative 
rainfall and erratic rains that disappear after 
planting lead to replanting. 
Warmer temperatures, prolonged droughts, 
and higher evapotranspiration lead to reduced 
production of maize and beans, livestock 
losses, and conditions conducive to famines 
and increased pests’ infestation.
5. Season Onset
Start of length of growing period is determined 
by 5-consecutive growing days (GD), where 
GD is estimated using moisture-limiting and 
temperature-limiting approach. A growing day 
is calculated as the actual evapotranspiration 
(AET) to potential evapotranspiration (PET) 
ratio greater than or equal to 0.35 and average 
temperature above or equivalent to 6 0C. The  
variations  in  the  onset  date  between the 
years could  be  up  to  70 days  (10 weeks) 
(figure 16).  A delay of 1 or 2 weeks in the 
onset is sufficient to destroy the hopes of a 
normal harvest. A  false  start  of  planting,  
encouraged  by a  false  start  of  rainfall,  may  
be  followed  by  prolonged  dry  spells  whose  
duration  of  2 weeks  or  more may  be  critical  
to  plant  germination  and/or  growth  (Leclerc 
et al., 2014).  For instance, in 1988 (second 
season) and 1994 (first season) the onset was 
earlier in Rwanda (figure 16) which could 
have led to a risk of farmers sowing too late.  
Thus,  the  rainfall distribution  characteristics 
during  the  course of  a  year  in  a typical wet-
and-dry climate region like Rwanda dictate 
the schedule of agricultural activities from  
the  land  preparation,  through  the  crop  
variety  selection  and  planting,  to  the  time  
of  harvesting, processing and marketing.  In 
other  words,  reliable  prediction  of  rainfall  
onset  will  greatly  assist  on-time  preparation  
of  farmlands,  mobilization  of  seed/crops,  
manpower,  and equipment and will also 
reduce the risk involved in planting/sowing  



























Figure 16: Starting of the growing season in Rwanda, 1981-
2005 determined by 5-consecutive growing days.
Looking at different RCPs across the years 
(2020 - 2069), it is notable that there are only 
subtle differences in the overall pattern in 
the onset of the growing season compared 
to the current state (Figure 17). Farmers have 
cited climatic risk posed by the variability in 
the onset of the rainy season, which leads to 
variation in the start of the planting season 
and negatively affects agricultural production. 
Erratic rainfall in 2008 caused maize yield 
losses of 37% in the eastern provinces and 
26% in the southern provinces (World Bank; 
CIAT. 2015). Whilst relationships between 
total seasonal rainfall and crop yield are 
clear, it is often the intra-seasonal character 
of rainfall (start of the rains) that is important. 
For example, earlier planting can avoid the 
mid-season dry spell or nitrogen-removing 
excessive rainfall for crops such as maize when 
it is in its most vulnerable growth phase. The 
impact of rainfall variability on crop production 
is therefore clearly tied to the planting 
date and timing with respect to the crop 
phenological phases (Tadross et al., 2009). 
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Figure 17: Projected starting of the growing season determined by 5-consecutive growing days for the period 2030s and 
2050s.
6. Length of Growing Period
The length of growing period (LGP) is 
determined as the total number of growing 
days. Growing days is estimated using 
moisture-limiting and temperature-limiting 
approach. A growing day is calculated as the 
actual evapotranspiration (AET) to potential 
evapotranspiration (PET) ratio greater than 
or equal to 0.35 and average temperature 
above or equivalent to 6 0C. The length of the 
growing period can be viewed as the entire 
period in which growth can theoretically 
take place. LGP variations are a useful 
climatic indicator and have several important 
climatological applications (Robeson, 2002). 
A decrease in LGP could result, for example, in 
alteration of planting dates determining lower 
yields of traditionally planting crops, which 
may not fully mature. Increasing LGP, however, 
may provide opportunities for earlier planting, 
ensuring maturation and even possibilities 
for multiple cropping (depending on water 
availability). Fluctuations in the annual 
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rainfall series and the episodes of above and 
below average rainfalls have previously been 
identified in Africa. 
In Rwanda, the greatest magnitude in variation 
was observed in 1992 and 1999 for Season A 
(first cultivatable season), and 1993 for season 
B (second cultivatable season) (Figure 18). 
The lower length of the growing period in 
1992 and 1999/2000 could be explained by 
La Nina/drought. High peaks   in 2001 and 
2002 can be attributed to floods experienced 
in Rwanda. The trend shows slight increase 
in LGP for season A, and a decrease in season 
B (Figure 18). This trend highlights the 
susceptibility of the second season. The latter 
point might be anticipated since rainfall is 
more reliable with higher amounts received 

























Figure 18: Length of the growing period in Rwanda, 1981-2005 determined as the total number of growing days growing 
days.
The trend points to a mean length of the 
growing season of approximately 4.5 months 
in season A and 3.5 months in season B 
(Figure 19). This indicates a need to prioritize 
shorter duration crop species in the second 
season. The projected changes show that 
larger variation in the length of the growing 
period is expected in the first season, which 
presents significant agricultural risk because 
this is the main growing season. Research 
indicates that rainfall patterns are becoming 
more irregular and unpredictable with shorter 
rainy seasons negatively affecting Rwandan 
agriculture (World Bank; CIAT. 2015). 
Examination of projected future length of the 
growing period trends for Rwanda for 2020 to 
2069 has reinforced that fluctuations observed 
in historic trends during this century, are 
apparently continuing.
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Figure 19: Projected length of the growing period determined as the total number of growing days for the period 2030s 
and 2050s..
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C. Crop suitability 
a. Bean suitability
The crop suitability modeling is conducted using the EcoCrop model. It evaluates on monthly basis 
if there are adequate climatic conditions within a growing season for temperature and precipitation. 
It other words, it calculates the climatic suitability of the resulting interaction between rainfall and 
temperature. 
Figure 20: Current climate suitability for common bean in 
Rwanda (1981-2015), on a scale of zero to one hundred 
percent. 
Figure 21: Projected change in climate 
suitability for common bean in Rwanda for 
the period 2030s and 2050s on a scale of 
zero to one hundred percent. 
Currently beans are climatically most suitable in the 
eastern districts of Rwanda (Figure 20) which are 
the low altitude areas or the lowlands. The districts 
of Nyagatare, Gatsibo, Kayonza, Ngoma and Kirehe 
have averagely higher climatic suitability for the 
production of beans. This suggests that these areas 
are climatically suitable for the production of beans. 
In the districts of Rubavu, Nyabihu and Musanze 
found to west of Rwanda and in high altitude areas, 
lower suitability is noted with Nyabihu having the 
lowest suitability of 35.8%. The other districts of 
Muhanga, Kamonyi, Ruhango and Nyanza have an 
elevation of between 925m and 2268 m above sea 
level suitable for the production of beans. 
Under projected climate change and for the 
period up to 2030 a slight increase in the climatic 
suitability of beans for the high-altitude areas is 
noted (Figure 20). This is without any notable 
change in suitability in the low elevation areas. 
This shows that the suitability of beans will shift 
to higher elevations and the suitability levels in 
the low elevation areas will remain suitable. This 
therefore means that Rwanda will have more areas 
for bean production which is an opportunity. 
For the period up to 2050, under RCP 2.6, the 
suitability of the high elevation areas shows a substantial increase. This increases the area under 
production of beans especially in the districts of Musanze, Nyabihu and Rubavu which currently have 
low climatic suitability for the production of beans. As we move across other RCPs, 4.5, 6.0 and 8.5 
a slight decrease in climate suitability for beans production is noted especially in the currently high 
productive western parts of Rwanda. The pessimistic RCP 8.5 for this period shows there will be a high 
decline in climate suitability for beans production in the low altitude areas which are currently high 
productive with the high-altitude areas becoming more productive (Figure 21). This shift in suitability 
according to elevation is seen to compromise bean productivity in Rwanda reducing the yield by the 
year 2050. 
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b. Maize suitability
Currently maize is climatically most suitable in the eastern districts of Rwanda (Figure 22) which are 
the low altitude areas. The districts of Nyagatare, Gatsibo, Kayonza, Ngoma and Kirehe have averagely 
higher climatic suitability. This suggests that these areas are climatically suitable for the production of 
maize.  In the districts of Rubavu, Nyabihu and Musanze found to west of Rwanda and in high altitude 
areas, lower suitability is noted with Nyabihu having the lowest suitability of 11%. The other districts 
of Muhanga, Kamonyi, Ruhango and Nyanza have an elevation of between 925m and 2268 m above 
sea level suitable for maize production. This leads to high climatic suitability of 67.1% in muhanga and 
82.7% in Kamonyi district with the others lying in between as shown in table 1. 
Under projected climate change it is noticeable 
that the future projection of the climatic suitability 
of maize under RCP 2.6 has no observable change 
in comparison to the current suitability and for both 
periods of 2030 and 2050 (Figure 23). Changes 
in suitability in comparison to the current climatic 
suitability for maize is observed across RCP  4.5 and 
6.0 with a highly notable change being observed in 
RCP  8.0 for both periods of up to 2030 and 2050. 
Increased suitability will be noted in the highest 
areas of Rwanda in the future scenarios with a 
substantial increase in suitability being evident 
in the districts of Rubavu, Nyabihu and Musanze 
which currently have very low climatic suitability. 
A notable increase in suitability for the pessimistic 
RCP 8.5 for the period of up to 2050 shows that the 
future climatic suitability of maize will be higher 
compared to the current suitability and Rwanda 
will have more suitable areas for maize production. 
This may translate to new opportunities for maize 
production.
Figure 23:Projected change in climate suitability for Maize in Rwanda for the period 2030s and 
2050s on a scale of zero to one hundred percent
Figure 22: Current climate suitability for maize in Rwanda 
(1981-2015), on a scale of zero to one hundred percent.
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c. Tomato suitability
The current climate suitability of tomato is highest 
in the western parts of Rwanda (Figure 24). 
These are the areas with the highest altitude in 
Rwanda and includes the districts of Kamonyi, 
Muhanga, Ruhango, Nyanza, and Kamonyi.
Under projected climate change (Figure 25), the 
suitability of tomato remains low  the western parts. 
These areas include the districts of Nyagatare, 
Gatsibo, Kayonza, Kirehe and Ngoma.
Figure 25: Projected change in climate suitability for Tomato in Rwanda for the period 2030s and 2050s on a 
scale of zero to one hundred percent.
Figure 24: Current climate suitability for tomato  in Rwanda 
(1981-2015), on a scale of zero to one hundred percent.
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d. Irish potato suitability
Currently, Irish potato is climatically most suitable in high altitudes ranging between 1725m to 2891m 
above sea level but not suitable in the highest point in Rwanda at an altitude from 2900m to 4486m 
above sea level (Figure 26). 
Rubavu, Nyabihu and Musanze districts have climatically high suitability due to their high elevations. 
Areas with low elevations possesses limited suitability especially in the eastern districts of Rwanda 
with Ngoma district having the lowest suitability 
of 53.1%. This suggests that areas with higher 
elevations are more climatically suitable for the 
production of irish potatoes up to about 3000m 
above sea level. Beyond the altitude of 3000m 
above sea level climate suitability of Irish potato 
reduces. It is therefore evident that, there is a strong 
altitudinal influence on the climate suitability of 
Irish potatoes. Under projected climate change, 
a noticeable substantial decrease in climate 
suitability for Irish potato is being noted across the 
RCPs  from the optimistic RCP  2.6 through 4.5 and 
6.0 and to the pessimistic RCP  8.5 (Figure 27). This 
is noticeable for both periods of up to 2030 and 
2050.
For the period of up to 2030, a slight decrease in 
climate suitability of Irish potato is noted in the 
high elevation areas becoming less suitable. This 
is clearly seen in the districts of Muhanga Kamonyi 
Ruhango and Nyanza which are becoming 
extremely unsuitable for Irish potato production 
by the year 2030 and 2050 for RCP 8.5 (Figure 
27). Beyond the altitude of 3000m above sea level 
climate suitability of Irish potato is projected to increase with a noticeable high increase in suitability 
noted in the highest point in Rwanda to the North of Musanze and Nyabihu districts which is currently 
not climatically suitable for Irish potato production. By 2050 for RCP8.5, this highest part of Rwanda is 
projected to have at least 60% climate suitability for Irish potato production (Figure 27).
Figure 26: Current climate suitability for Irish potato in 
Rwanda (1981-2015), on a scale of zero to one hundred 
percent.
Figure 27 : Projected change in climate suitability for Irish potato  in Rwanda for the period 2030s 
and 2050s on a scale of zero to one hundred percent.
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e. Cassava suitability
The current climate suitability of cassava is highest 
in the western parts of Rwanda (Figure 28). These 
are the areas with the highest altitude in Rwanda 
ranging between 1650m and 4490 m. asl and 
includes the districts of Kamonyi, Muhanga, 
Ruhango, Nyanza, Musanze, Nyabihu and Rubavu. 
The suitability reduces to the eastern sides of 
Nyanza Ruhango and Kamonyi as the altitude 
reduces from 1650m to the lowest of 950m. 
asl. Along the rising altitude especially beyond 
2360m. asl as on the western parts of Musanze and 
Nyabihu and the eastern part of Rubavu, climatic 
suitability reduces. In the districts of Nyagatare, 
Gatsibo, Kayonza Kirehe and Ngoma where the 
altitude is low, the climatic suitability falls below 
65% as shown in table 1. The highest point of 
Rwanda at an elevation of between 2900m and 
4486m above sea level located on the Northern 
parts of Musanze and Nyabihu is climatically not 
suitable for cassava production. Under projected 
climate change, the suitability of cassava remains 
high in high areas. This can be explained by 
the ability of cassava to withstand increased 
temperatures and therefore is able to maintain its suitability (Figure 28). Under rcp 2.6 for both 2030 
and 2050 the climatic suitability of cassava is similar to present suitability but as we move to the 
pessimistic rcp 8.6 climatic suitability slightly increases in the eastern areas of Rwanda which presently 
has lower suitability. This is projected for both 2030 and 2050. 
These areas include the districts of Nyagatare, Gatsibo, Kayonza, Kirehe and Ngoma. In the high-
altitude areas of between 2900m and 4486m above sea level, the climatic suitability is projected to 
increase slightly with these parts becoming suitable for cassava production which is not the case 
presently. Cassava is expected to experience an increase in suitable areas as of 2050. 
Figure 28: Current climate suitability for cassava in Rwanda 
(1981-2015), on a scale of zero to one hundred percent.
Figure 29: Projected change in climate suitability for cassava in Rwanda for the period 2030s and 
2050s, on a scale of zero to one hundred percent. 
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f. Dairy milk suitability
Figure 30: Current climate suitability for Dairy milk in Rwanda 
(1981-2015), on a scale of zero to one hundred percent.
Figure 31: Projected change in climate suitability for Napier 
in Rwanda for the period 2030s and 2050s, on a scale of 
zero to one hundred percent. 
In this study we assess the impact of climate 
change on the dairy cattle (heat stress) as well 
as on Napier grass (Pennisetum purpureum 
Schumach.) which is commonly used for feed. 
We used a simple set of criteria to describe 
the climate and environmental requirements 
for Napier grass. We used soil properties (soil 
carbon, soil PH), climate variables (annual 
precipitation, mean temperature, growing 
days) and elevation to characterize the 
suitability and applied future climate variables 
(annual precipitation, mean temperature, 
growing days) and elevation to characterize 
the suitability. Future climate data used in this 
study are GCM ensembles and climate means 
for RCP 8.5. The study was conducted using 
ArcGIS 10.3 software and the CIAT Targeting 
Tools(CIAT, 2015) which matches suitability 
criteria with a spatial database. All datasets 
used are listed in table 1, they were re sampled 
to 1km spatial resolution, snapped cell size set 
to match. 
Currently Napier is climatically suitable across 
all the twelve districts with most of them 
reaching up to 70% and above in average 
climatic suitability (Figure 30). Under projected 
climate change (Figure 31), the suitability of 
Napier remains high in high areas but some 
areas lose suitability. Climatic suitability 
analysis for Napier was only conducted for 
RCP 8.5 for 2050s. Suitability is expected 
to slightly increase in Ruhango, Nyanza, 
Muhanga and Kamonyi districts as of 2050. 
However as per this scenario, 2 percent of the 
current suitable area in Rubavu, 6 percent in 
Nyagatare, 5 percent in Nyabihu, 24 percent in 
Ngoma, 4 percent in Musanze, 6% in Gatsibo, 
16 percent in Kirehe will be lost.  
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g. Heat stress 
We map current heat stress in livestock using 
long term (1950–2000) monthly means of 
maximum temperature from the WorldClim 
database (Hijmans, Cameron, Parra, Jones, 
& Jarvis, 2005); for more information: http://
www.worldclim.org) and relative humidity 
from CliMond (Kriticos et al., 2012); for more 
information see https://www.climond.org/). We 
calculate stress level based on the increased 
temperature and humidity as described by 
Buffington et al. (1981).   
Currently heat stress is not a major problem 
in Rwanda. However, there are some districts 
i.e. Kamonyi, Muhanga, Nyanza, Ruhango, 
Gatsibo, Kayonza, Kirehe, Ngoma and 
Nyagatare whereby heat stress exceeds the 
comfort threshold (>75) (Figure 32). 
We map future heat stress on dairy cattle by 
2050s using future climate data acquired 
from the CGIAR Research Program on Climate 
Change, Agriculture, and Food Security 
website (CCAFS, http://www.ccafs-climate.
org). They include output from eighteen 
independent Global Circulation Models 
(GCMs), i.e. the climate projections from the 
Coupled Model Intercomparison Project 
Phase 5 (CMIP5) upon which the recent 
Figure 32: Current heat stress for dairy cattle in Rwanda.
Fifth Assessment Report (AR5) of the IPCC 
is based (IPCC, 2014). The datasets were 
already downscaled and bias corrected using 
the delta method and WorldClim 1.4 dataset 
as the baseline current climate (Ramirez-
Villegas & Jarvis, 2010). We used the same 
relative humidity dataset to map current and 
future heat stress because climate model 
interpretations of future and past climates 
have assumed that relative humidity will be 
constant over time regardless of how the 
climate changes (Allen & Ingram, 2002). We 
then classify heat stress into five categories; 
Normal (HS <75), Alert (HS 75-78) Danger (HS 
79-83), Emergency (HS 84-99) and critical 
point (HS> 99). 
Currently most of the districts are either in the 
normal or alert zones as shown in the table 
below:
Table 3: Area under different heat stress categories by district: Units square kilometers
District Normal Alert Danger Emergency Critical
Musanze 508 0 0 0 0
Kamonyi 543 117 0 0 0
Muhanga 646 9 0 0 0
Nyanza 547 120 0 0 0
Ruhango 552 73 0 0 0
Gatsibo 906 648 0 0 0
Kayonza 1017 912 0 0 0
Kirehe 454 512 0 0 0
Ngoma 597 265 0 0 0
Nyagatare 399 1379 0 0 0
Nyabihu 540 0 0 0 0
Rubavu 329 0 0 0 0
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The impact of climate change is very evident in future with climate scenarios predicting more areas to 
move from alert to danger, normal to danger and normal to alert heat stress categories (Figure 33).
Figure 33: Projected heat stress of dairy cattle by 2050s in Rwanda
Table 5: Average current (1981-2015) climate suitability for selected value chains in the twelve districts, 
on a scale of zero to one hundred percent. 
District Cassava Bean Maize Irish potato Tomato Napier
Musanze 85.7 61.8 26.1 91.7 21.7 87.0
Kamonyi 89.7 100.0 82.7 60.6 50.9 97.1
Muhanga 99.3 98.6 67.1 70.8 56.8 95.7
Nyanza 98.1 99.9 79.1 63.3 61.1 96.8
Ruhango 96.9 100.0 76.6 64.1 59.6 96.6
Gatsibo 60.1 100.0 74.3 58.7 18.7 87.9
Kayonza 64.4 100.0 81.6 55.8 23.6 89.0
Kirehe 64.6 100.0 76.4 55.8 19.2 78.6
Ngoma 60.2 100.0 75.0 53.1 14.7 71.1
Nyagatare 52.7 99.7 64.1 58.0 6.4 87.1
Nyabihu 82.5 35.8 11.1 94.9 9.0 84.1
Rubavu 93.5 74.3 40.7 87.4 28.2 90.7
Table 5 reflects the current average suitability 
by district for the respective crop. Under a 
threshold of 50%, eleven out of the twelve 
PASP districts are climatically suitable for 
Bean, reaching up to 100%.  This assumes 
that farmers can produce the crop when the 
climate suitability is greater than or equal to 
50%. It is notable that under a threshold of 50% 
only 30% of the target sites are suitable for 
tomato. In this scenario, cassava, Irish potato 
and Napier are suitable in all sites. Maize is 
suitable in nine districts (75% of the target 
sites) (Table 5). 
Under a higher climate suitability threshold of 
75% the total area of the PASP interventions 
suitable for cassava decline to 58%, bean 75%, 
maize (50%), Irish potato (25%), tomato (0%) 
and Napier ( 83%)(Table 5).
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D. Projected trends on the impact of climate change on   
 major crops in Rwanda
Below is an analysis of the impact of climate 
change on major crops that seeks to provide 
an array of likely scenarios for yields, supply, 
demand, consumer prices and crop area in 
Rwanda relative to the Eastern African region. 
We use the IMPACT model to identify the 
possible futures for the crops as a starting 
point for foresight for the probable investment 
areas in the agriculture sector by first 
assessing the impact considering only climate 
change and secondly comparing the impact 
when there is a technological innovation, and 
an exogenous increase in yield independent 
of the technology particularly for beans. 
We use two GCMs and three representative 
concentration pathways (RCPs) namely RCP 
2.6, RCP 4.5, and R8.5 in the analysis and the 
middle of the road Shared Socio-economic 
Pathway (SSP2).
The results for the first section are reported 
as percentage changes in the different 
parameters between 2010, which we consider 
as the base year and 2050.The percentages 
changes were calculated as shown in the 
following equation. 
a. Climate change trends in the 
Eastern Africa region
The results show that the magnitude of the 
impact from climate change depends on the 
GCM and the commodity under analysis. 
The GCMs show different magnitudes in 
the parameters, but depict similar trends in 
all the variables under consideration for all 
the commodities; none of the GCMs shows 
a decline when the counterfactual (NoCC) 
shows an increase. Yields, area under 
production, supply, demand and consumer 
prices are all expected to increase at the 
regional level in all the scenarios. Yields are 
likely to have an increase of up to 50% for 
beans, maize and potato while cassava will 
have an increase of more than 50%. All the 
commodities are also expected to register 
an increase of up to 50% in the area under 
production. This is with the exception of 
maize that is likely to register a decline in the 
area under production particularly in the no 
climate change scenario. This means that 
climate change may lead to an increase in 
the area under maize in the Eastern African 
region. Demand is expected to increase more 
relative to supply, yield, area and consumer 
prices. Irish potato is likely to have an increase 
of over 200% particularly in the no climate 
change scenario, and an increase of over 
150% for beans. Cassava, maize and milk are 
all anticipated to have an increase in demand 
of up to 100%. However, looking at supply, 
cassava and potato are expected to have a 
relatively high supply of over 100%. The high 
supply for Irish potato can be attributed to 
the anticipated increase in area under the 
crop in the region, and that of cassava to the 
likely increase in the yields as shown by all 
the GCMs. Cassava is one of the crops whose 
yields are likely to be less affected by climate 
change in Eastern Africa. Consumer prices 
(C-prices) on the other hand are expected 
to have an increase of up to 50% for all the 
commodities in the presence of climate 
change excluding beans that is likely to show 
a reduction in consumer prices in the NoCC 
scenario.  The prices for maize and potato 
show a higher increase of over 50% especially 
in the presence of climate change. Depressed 
supplies and increasing demand may 
contribute to the high increase (Figure 35).
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Figure 35: Impact of climate change on Area under production, prices, demand, supply, and demand for major crops in 
Rwanda compared to other East African countries.
Results for Rwanda show a number of 
differences from the regional results. While 
the supply of all the commodities is expected 
to increase in the region, there is likely to be 
a significant decline in the supply and yields 
for Irish potato especially in the presence of 
climate change. The supply of milk on the 
other hand is expected to have an increase of 
up to 100% without any significant difference 
in magnitude across all the scenarios. 
Noteworthy, is the increase in the supply (of 
more than 100%) of maize and beans under 
the climate change scenario which is the 
contrast with the case of potato. As such, 
potato emerges as one of the most vulnerable 
crop to climate change in the country. 
Demand on the other hand, is anticipated to 
be higher in the country relative to the region 
for all the crops except for cassava. Milk, Irish 
potato and bean are expected to have the 
highest increase in demand of over 150%. 
This high increase in the demand may be due 
to the assumed increase in incomes in the 
future that is likely to make people increase 
the consumption of proteins. There is likely to 
be an increase in consumer prices associated 
with the increase in demand. The highest 
increase of more than 50% is expected for the 
case of maize in the climate change scenario. 
The increase for the NoCC and the optimistic 
scenarios is likely to be less than 50. As such, 
Rwanda is likely to remain a net buyer for the 
commodities under assessment. Dependence 
on imports is expected to be highest for potato 
and beans in offsetting the domestic deficits. 
Figure 36 shows the trends in net trade for the 
different commodities in Rwanda.
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Figure 36: Effect of climate change on net trade for the major commodities in Rwanda
Food availability in Rwanda is likely to be negatively 
affected by climate change (2010 to 2050). Both the 
pessimistic scenarios (IPSL8.5 and MIROC8.5) show 
reduced food availability. The demand is likely to 
outweigh supply progressively into the future. The 
decline is relatively smaller for the case of NoCC. 
Figure 37 gives more detail on the impact of climate 
change on food availability for Rwanda. 
Figure 37: Impact of climate change on food availability in 
Rwanda
b. Comparative assessment of 
parameters with technology and 
an exogenous increase in yield for 
Eastern Africa
The second section of this assessment 
focuses on analyzing the effect of technology 
and an exogenous increase in yield on the 
supply, area, net trade and yield for beans8. 
We report results from one GCM (IPSL) with 
considering three RCPs (RCP2.6, RCP4.5 and 
RCP8.5) and extend the analysis to all the 
countries in Eastern Africa. We make a number 
of assumptions for both the technology and 
the yield. We assume the adoption rate for 
the technology to be at most 30%, and an 
associated increase in yield of 20%. We also 
assume a 20% increase in the yield from other 
factors other than adoption of the technology 
(exogenous yield increase). The analysis then 
compares the responses of the variables when 
there is a technology, an exogenous increase 
in yield and the base which has neither 
yield nor technology changes. The results 
are reported as differences in percentage 
changes between the different scenarios 
(percentage point). Below are the equations to 
8The yield equation in the IMPACT model has many components; one of the components is a yield increase as a result of technology whereas the other is an 
increase in yield originating from other factors. For more information see Robinson et al. (2015).
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illustrate how the percentage differences were 
obtained for the case of yield for IPSL2.6.
The results show an increase in the yields, 
supply and area under production in all the 
three scenarios of technology, exogenous 
yield and no technology. However, the base 
(which is the case of climate change but with 
no yield increase and no technology) shows 
the smallest change in all the parameters in 
all the countries given that the difference 
in the impact between yield increase and 
technology are positive. The change in the 
area considering technology and exogenous 
yield increase relative to the base is slightly 
over 50 percentage points (pp). This shows 
that technology is likely to induce a bigger 
increase in the area under production. Djibouti 
is likely to have a smaller increase in the area 
of less than 50pp while Tanzania is expected 
to have a relatively high increase. The trend 
is likely to be similar for the case of yield.  
Technology is likely to increase the yields by 
about 100pp points compared to the base, 
while the exogenous change in yield is likely 
to have a 50pp increase in the yields in all 
scenarios. The change in yield is likely to be 
high in Kenya and Eritrea. Of the three cases 
of analysis, technology is likely to trigger the 
biggest increase in yields and the area under 
bean production. Eritrea and Kenya are likely 
to have a slightly higher increase in the bean 
yields as a result of technology adoption in all 
the three RCPs. 
Noteworthy is the impact of technology 
on supply. Technology is likely to have the 
highest effect of over 150 pp on supply in all 
the countries for the three RCPs compared to 
the exogenous increase yield case and the 
base. The change likely to be induced by an 
exogenous increase in yield in comparison 
with the base scenarios is below 50pp. 
Eritrea, Ethiopia, Kenya, Rwanda and Somalia 
are likely to experience the highest supply 
induced by technology adoption of over 
250pp, 150pp, 200pp, 100pp and 150pp 
respectively in all the RCPs (Figure 38). 
Figure 38: Comparison of the effect of technology and 
exogenous increase in yield on yields
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In the assessment for the net trade (Figure 
39), we used 6 scenarios; two GCMs (IPSL 
and MIRO; considering the three RCPs) and 
the base (NoCC) each with technology, and 
yield respectively. We then use the values from 
these scenarios to come up with the average 
value for the net trade. Despite the anticipated 
increase in supply, due to technology 
adoption, all the countries are likely to remain 
net importers for bean, cassava, maize, milk 
and potato. This means that the increase in 
supply is at a lower rate relative to the demand.
Climate change has different implications 
on agriculture and food security in Rwanda. 
The results from this analysis support the 
need to increase productivity for the crops 
assessed particularly potato, beans and milk 
because of expected increase in demand for 
these commodities. More focus is required 
on Irish potato because the demand will be 
far more than the supply, due to the negative 
impact from climate change. While regional 
integration can help in offsetting the deficits 
in Rwanda, the results show that the Eastern 
Africa region is likely to experience increased 
demand for all the commodities that will 
increase the prices. Considering that Rwanda 
is already dependent on food imports, 
increasing domestic production may be a 
viable option. 
The comparison of technology, an exogenous 
increase in yield and a status quo in the 
presence of climate change indicate that 
technology adoption will have greater impact 
in increasing the supply, the area under 
Figure 39: Net trade for bean, cassava, maize, milk and 
potato for Rwanda
production and yields for beans for Rwanda 
and the rest of the Eastern African countries. 
However, the supply increase induced by the 
technology will not meet the local demand. As 
such, in order to meet the domestic demand 
Rwanda and the Eastern Africa countries will 
need technologies that are able to generate 
very high increase in yields9. Particularly for 
Rwanda, focusing on increasing beans yields 
and supply through technology adoption is 
important given that the country is among 
those that are likely to realize high yields. 
c. Adapting to climate change for the 
six value chain commodities
The Paris agreement adopted by Parties in 
2015 under the United Nations Framework 
Convention on Climate Change (UNFCCC), 
establishes the global goal on adaptation of 
enhancing adaptive capacity, strengthening 
resilience and reducing vulnerability to climate 
change. 
Rwanda’s long term vision is to become a 
climate resilient economy. Rwanda’s strategic 
objectives are to achieve energy security 
and a low carbon energy supply, sustainable 
land use and water resource management, 
appropriate urban development and 
preservation of biodiversity and ecosystem 
services, as well as to ensure social protection, 
improved health and disaster risk reduction. 
Rwanda’s Green Growth and Climate Resilient 
Strategy (2011), identifies the priority 
adaptation actions.
Rwanda’s current policy approach to climate 
change, vulnerability and adaptation are 
contained within several policy documents 
which include:
i.  Vision 2020: Rwanda’s current policy and 
institutional framework is focused on the 
outcomes envisage in Vision 2020 updated 
in 2012;
ii. Second Economic Development and 
Poverty Reduction Strategy (EDPRS 2);
iii. Green Growth and Climate Resilience - 
National Strategy for Climate Change and 
Low Carbon Development (GGCR). 
9 In our analysis, we assume a 20% increase in the yields as a result of the technology. 
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The Government of Rwanda Nationally 
Determined Contribution (NDC) to the 2015 
Paris Agreement.
To identify adaptation plans for climatic risks 
and vulnerabilities in the six priority value 
chains across the 12 districts, CIAT organized 
a two-day data collection stakeholder 
workshop in Rwanda on 30th to 31st August. 
This workshop brought together twenty-
eight stakeholders namely PASP team 
representatives, NAEB, farmer organizations, 
RAB, Rwanda Youth Agribusiness Forum, 
private sector, MINAGRI, BDF, AIF and the CIAT 
project staff. The main objectives were to 1) 
present and discuss climate trends (historic) 
and future climate change projections for 
Rwanda and crop suitability maps based 
on these scenarios, 2) identify important 
hazards and key risks for the 6 value chain 
commodities, and 3) identify current and 
potential adaptation options.
To achieve these objectives, we used a 
methodology that focuses on defining value 
chains to assess how different climatic risks 
are affecting major activities in the value chain 
stages i.e. input supply, on-farm production, 
harvesting, storage and processing and 
product marketing. 
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E. Vulnerabilities to climate change across agriculture   
     value chain commodities
Stakeholders identified seven key climate hazards – 
drought, high temperature, flooding, strong winds, 
heat stress and hailstorms as most problematic 
(Table 5). Drought is most significant in all value 
chains except tomato, high temperature and strong 
winds affect maize, while heat stress affects dairy 
cattle. Flooding is most significant for Irish potato, 
beans and tomato, whereas moisture stress affects 
tomato, and hailstorms have an impact on cassava. 
Table 5: Climate indices selected as most problematic for the six value chain commodities
1. Beans
Drought is likely to have severe impact on 
the provision of seeds and other inputs. 
The major underlying factor is the lack of 
adequate private actors in input supply to 
supplement government efforts.  The impact 
of drought causes soil compaction and a 
decline in demand for inputs and increase 
in costs of labor.  At the on-farm production 
stage, this would lead to severe crop failure. 
The use of poor farming methods is a cause 
of vulnerability.  After harvest, drought is likely 
to contribute to minor improvement in the 
ease of transportation and processing. The 
market is likely to experience severe increase 
in demand and higher prices. 
Floods are expected to result in severe 
incidences of decreased use of seed and 
fertilizer and soil erosion. During production, 
there is a severe reduction in planting, 
ploughing, and bean plant development is 
affected. At post-harvest stage, there is severe 
difficulties in collection, processing and 
bulking due to washed-out roads. The quality 
and prices of bean would decline significantly.
The use of small-scale irrigation and promotion 
of drought tolerant varieties was cited by bean 
stakeholders as an effective measure during 
droughts. Planting using organic manure and 
mulching helps improve soil water retention. 
To adapt to floods, agroforestry, farm drainage, 
terracing, changing planting calendars, road 
repairs and use of drying grounds are currently 
practiced. 
Scaling up irrigation technologies, crop 
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smart technologies, climate information 
services, cold storage chains and value 
addition are additional proposed technologies 
to adapt to drought and floods in the bean 
value chain.
2. Cassava
Drought has minor to moderate effect on use 
of use of organic manure and price and quality 
of cassava. Additionally, there are moderate 
to severe difficulties in ploughing because of 
low soil moisture leading to delayed planting. 
Drought also causes heat stress to people 
working on the farm. Drought conditions are 
associated with a minor decline in water for 
pulping and poor-quality tubers at harvest. 
This in turn means the market experiences a 
moderate to severe fall in cassava volumes 
and quality resulting in major increase in 
prices. 
Hailstorms severely affects accessibility of 
roads and erosion, and damage cassava 
bushes which leads to poor quality of cuttings. 
Hailstorms are associated with poor quality 
and volume of cuttings resulting to minor to 
moderate reduction in prices.
Cassava farmers are currently relying on 
drought-tolerant varieties, mineral and organic 
fertilizers, irrigation, mechanization, agro-
forestry, drainage, community road repairs and 
building of markets to adapt to drought and 
hailstorms.
The scaling up of irrigation, mechanization, 
value addition and climate-proofing roads and 
markets can support more effective adaptation 
to climate risks in the cassava value chain.  
3. Irish Potato
Drought has a severe effect on the 
availability of Irish potato seed and use of 
inputs. Additionally, the land is difficult to 
till and absorption of nutrients in the soil 
from fertilizers reduces severely. Drought 
conditions are associated with a moderate 
to severe reduction in processing activities 
because of low volumes and quality of Irish 
potato tubers. 
Flooding leads to erosion, fertilizer and seed 
being washing off which has impacts on 
accessibility of farms. Conversely, it results in a 
moderate to severe decline in harvesting and 
processing activities. At the same time, there is 
a moderate to severe decline in accessibility of 
markets due to damaged roads which delays 
grading contributing to spoilage of tubers.
Farmers’ current strategies to adapt to drought 
and floods in the cassava value chain include 
irrigation during seed multiplication, erosion 
control, drainage on farms, and maintenance 
of feeder roads. 
Irrigation, mulching, credit and insurance 
services, stress tolerant varieties, agroforestry, 
and formalized market contacts are some 
additional proposed adaptation options to 
adapt to drought and floods. 
4. Maize
Drought typically leads to soil compaction, 
causing severe difficulties in tilling. This 
contributes to severe reduction in the 
planting of maize, and weeding. There is also 
a severe decline in yields because of crop 
losses. Drought induces a major reduction in 
harvesting activities and increase in storage 
pests.  The volume of produce in the markets 
reduces moderately, decreasing marketing 
activities. 
Strong winds have a minor impact on soil 
erosion resulting to inaccessibility of inputs. 
They also cause moderate lodging and 
uprooting of the maize crop. There is also 
likely to be a moderate increase in grain prices 
because of low volumes contributing to 
reduction in market activities. 
In response to drought and strong wind, 
farmers in the twelve districts have adopted 
various strategies. Irrigation, use of drought 
tolerant varieties, application of organic 
manure, use of seasonal forecasts, crop 
rotation, irrigation, construction of drying 
hangars and market information services are 
often used. 
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However, there is still need to scale up 
irrigation and enhance breeding programmes 
for drought resistant varieties. Additionally, 
farmers require enhanced awareness of 
climate smart practices and post-harvest 
management technologies. More support 
is needed to increase access to market 
information services for the value chain actors, 
and promote decentralizing of aggregating 
centers and markets.
5. Tomato
Floods have a moderate impact on 
accessibility of farms due to flooding which 
also affects supply of seed, organic fertilizer 
and pesticides. Even more significantly, 
there is a severe reduction in the purchase 
of improved seeds and pesticides and 
difficulty in nursery preparation. There would 
predictably be moderate damage to feeder 
roads and reduction in processing activities. 
In addition, floods cause the destruction 
of equipment and water systems in the 
processing factories. At the product marketing 
stage, collection and aggregation is difficult 
because roads are destroyed. 
Moisture stress results in minor to moderate 
difficulties in land preparation. In these 
conditions, the lack of moisture affects nutrient 
assimilation by plants.  On the production side, 
nursery preparation is difficult and there is an 
increase in pest infestation. The post-harvest 
stage will have reduced aggregation activities 
due to moderate reduction in volumes and low 
quality of produce. Consequently, there are 
low prices for the produce in the market and 
reduced profitability.
In tomato production, adaptation strategies 
against floods include contours, terracing, 
climbing varieties, ridges, drainage, and 
construction of feeder roads. Common 
adaptation practices for moisture stress are 
mulching, irrigation and greenhouse farming.
Additional support is needed to help farmers 
access additional stress tolerant varieties, and 
adopt mechanization and irrigation. Market 
information services, value addition and green 
house farming should also be enhanced to 
ensure actors could adequately adapt to 
future climate.
6. Dairy Milk
Drought has a severe to moderate effect on 
availability of pasture. Additionally, there is 
increase in cost for veterinary and artificial 
insemination services. Drought conditions are 
associated with moderate to severe increase 
in the cost of transportation. At the same time, 
there is a moderate increase in incidences of 
milk spoilage, which precedes a moderate rise 
in the price of milk. 
Heat stress reduces the quality of pasture 
moderately. Conversely, it results in a 
moderate increase in demand for veterinary 
services and artificial insemination. At the 
same time, there is moderate to severe 
increase in the feeding costs and decline in 
milk production. In the market, there is a minor 
fall in the quality of milk and reduction in milk 
supply, leading to a spike in prices.
On-going strategies to adapt to climate 
risks are forage conservation, drought 
tolerant forages and milk processing which 
are limited. As such, efforts in improving 
adaptability should aim at training farmers on 
feed conservation, water storage, livestock 
insurance, genetic improvement, promote 
solar energy and milk processing.
The provision of modern preservation 
methods such as refrigeration and packaging 
help to maintain the quality of produce. 
Packaging also increases the market value 
of the product and access to niche markets. 
Climate information services would help 
farmers manage climate risks. Additional 
support is needed to help farmers identify 
sources of material for making silage and learn 
the most effective techniques for preparing 
and storing silage. 
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Provision of seeds
and other inputsBeans Harvesting storage and processingOn - Farmproduction Product marketing
Soil compaction; Reduce 
use of fertilizers; Decrease 
use of improved seed; Labor 
is expensive.
Facilitate small scale 
irrigation (drip and sprinkle 
irrigation); promotion of 
drought tolerant varieties.
Planting with organic manure 
and mulching
Increasing government 
subsisdy  to support small 
scale farmers to access 
irrigation technologies; 
promote seed insurance; 
drought tolerant varieties; 





Promote crop insurance; 
mulching; use of organic 
manure; composting; 
promote climate smart 
technologies.
value addition; cold storage; 
insulated tracks for 
transformation of fresh 
beans; establish aggregation 
centers near production 
zones.
Low quality and quantity of 
produce; reduction in 
storage and marketing 
activities.
Increased prices due to low 
supply; reducing marketing 
activities due to low 
volumes.
Identify niche markets; 
promotion to increase 
demand for drought tolerant 
varieties; insurance; market 
information systems.
Ploughing is difficult for clay 
soils; No sowing; No plant 
development/no weeding; 
No produce for harvest.
Ease of transport; Facilitates 
collection; Ease of 
processing; Bulking is 
easier.
Increase demand for 
produce; Higher prices due 
to reduced production. 
Loose soil; decereased use 
of fertilisers; decreased use 
of seeds; no labor.
Poor quality beans at 
grading; Poor quality of 
harvested beans; lower 
prices due to poor grade; 
lack of profitable market due 
to poor grade.
Ploughing is reduced; 
Planting is reduced; Plant 
development is affeacted; 
beans rot in the field. 
Limited access to 
aggregation due to poor 
feeder roads; difficult in 


























Feld water drainage; 
changing planting calendars.
Drying grounds; communal 
road repairs.
Reduce marketing activities; 
aggregation
Climate information services; 
drainage channels; flood 
tolerant varieties; disease 
and pest surveillance 
systems; capacity building 
on soil and water 
conservation.
Lack of competent private 




Individuals farm on small 
lands which also affects 
production due to poor 
farming methods
Medium scale
There is a mix of large 
number of retailers and 






Importance of commodity to household food
Food Security (Very High)
Every HH at district 
level can have 
enough beans for 
consumption.
Productivity (Medium)
Due to the lack of 
selected seeds.
Economic (Low)
Some farmers still 
produce at 
subsistence level.
Adaptation to climate risk
(Very Low)




market insurance; niche 
markets and promotion; 
policies for price control.
Weather-proofed storage 
facilities; value addition; 
scale out processing centers 
to be near production zones. 
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Provision of seeds






Low use of organic manure; 
Increased cost of cuttings 
because of scarcity; Poor 
quality planting material; 
diffiiculty to till because soil 
is compacetd, can also affect 
nutrient availability in the 
soil. 
Drought tolerant varieties; 
Organic and inorganic 
fertilizers.
Mechanisation for land 
preparation; irrigation; 
weeding and ridging.
Increase activities for drying 
of cassava.
Pricing; marketing.
Land preparation difficult to 
plough; low soil moisture is 
leading to delayed planting; 
Heat stress on humans who 
provide labor for weeding. 
Lack of water for 
depulping,cleaning and 
soaking; Favours drying; 
Quality of flour is low 
because of poor quality of 
cassava tubers harvested; 
low volumes and higher 
labor use for harvesting.
Poor quality tubers; low 
prices for the tubers due to 
low quality; Volume of tubers 
available in the market is 
low; shortage of tubers result 








Minor-Moderate MinorModerate - Severe Moderate - Severe
Increase quality of cassava 
cuttings and varieties; 
Enhance access to mineral 
fertilisers and organic 
manure;  increase price of 
proper cassava cuttings; 
irrigation and fertilisation.
Planting trees.
Soil erosion control; flood 
tolerant varieties; improve 
seed penetration in green 
house; agroforestry.
Mechanisation; improve 
good agriculture practices 
and soil aeration; 
mechanisation and irrigation
Value addition. Seek niche markets.
Inaccessibility of roads due 
to heavy rains; Erosion; 
Hailstorms damage cassava 
bushes which then provide 
poor cuttings leading to poor 
sprouting.
Poor quality and volume of 
tubers; price will be higher 
for buyers because of low 
volumes. Sellers get lower 
prices because of poor 
quality flour; Farmers lose 
external markets due to poor 
quality; Roads to markets 
are inaccessible.
Bushes are damaged 
leading to reduced harvest; 
poor quality produce.
Transport-in-accessibility of 
roads; spoilage of tubers; 
processing occurs in a 















Severe Minor-ModerateModerate - Severe Minor-Moderate
Drainage of water from 
farms.
Community repair of feeder 
roads.
Building of markets.
Agroforestry; rehabilitation of 
feeder roads; climate 
information services to 
support selection of planting 
dates; climate smart 
technologies; insurance.
Rehabilitation of feeder 
roads; climate-proofed roads 
and storage infrastructure; 
credit services.
Climate-proof markets and 




Since the crop is not 
covering a big area the 
sectors in the input supply 
are few. 
Small scale
The crop is not cultivated in 
all PASP intervention 
districts.
Medium scale
The production which is 
marketed is low.
Small scale
Since the crop is not 
covering a big area low 
volumes are processed.
Small scale
Importance of commodity to household food
Food Security (Very High)
Can be stored it, is 








The biggest part of 
production is not 
marketed
Adaptation to climate risk
(High)
The crop is more 
tolerant to drought 
and also not highly 
affected by high rain
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Potatoes Harvesting storage and processingOn - Farmproduction Product marketing
The land dries off and 
becomes difficult to cultivate; 
seeds do not germinate and 
fertilisers do not penetrate 
into the soil and scarcity of 
seeds
Irrigation in seed 
multiplication farms.
Irrigation; using drought 
tolerant varieties; crop 
insurance.
Irrigation in seed 
multiplication farms; 
mulching on farm seed 
multiplication; composting; 
credit facilities; bulk sourcing 
through cooperatives.
Erosion control
Erosion control; ago-forestry; 
composting;terracing.
Irrigation; drought tolerant 
varieties; mulching; 
agroforestry; crop insurance 
mechanization; advisories on 
planting times and 
production requirements.
Mechanized harvesting; 
specialized packing in air 
circulating bags; insurance.
None Increase prices. 
Formalized marketing 
contracts, new markets.
Low seed multiplication, 
increased costs of seeds; 
Land cannot be prepared; 
planting cannot be done. 
Poor quality and low grain 
yields; reduction in 
processing activities.
Poor quality and low grain 
yields; reduction in 
processing activities.
The land is eroded; the 
fertiliser are washed off and 
seeds; the pesticides also is 
washed away; labour is 
always difficult to get and 
most times work is stop.
Accessibilty is difficult due to 
damaged infrastructure; 
delay in the grading 
processes leading to the 
spoilage.
Seeds will be washed  away; 
land will be also be eroded; 
no planting, weeding or 
spraying can be carried out; 
no harvesting will happen 
instead the produce will rot.
No dehaulming at this stage 
instead the produce rots; the 
farmer is required to invest in 






















Severe Moderate - SevereSevere Moderate - Severe
Magnitude of 
impact
Moderate - Severe Moderate - SevereModerate - Severe Moderate - Severe
Drainage on farms; reduced 
input use.
None Construction and maintence 
of feeder roads
Drainage; Flood tolerant 
varieties




contracts, new markets, 
value addition.
Small scale Small scale Small scaleSmall scale
Importance of commodity to household food
Food Security (Medium)







High demand for 
food.
Adaptation to climate risk
(Low)
Low compared to 
other crops.
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Provision of seeds
and other inputsMaize Harvesting storage and processingOn - Farmproduction Product marketing
Causes land to be compact
Irrigation; using drought 
resistant varieties e.g.. 




Scaling of irrigation 
infrastructure and skills to 
farmers; Breeding 
programmes for  drought 
resistant varieties; 
Sensitization on organic 
manure production and use; 
Climate information services.
Agroforestry; Use of manure; 
Climate forecast and 








efficient drying technologies;  
shellers to farmers; efficient 
winnowing technologies and 
flat baskets; efficient sorting 
technologies
Construction of drying 
hangars; use of storing bags 
and sheets; small shellers; 
winnowing  using sieves and 
flat basket; sorting and 
application of pesticides.
Pricing is discussed between 
cooperative and buyers.
Market Information services; 
Decentralize aggregation 
centers.
Reduced sowing and 
weeding activities. High crop 
losses. Increased labor costs 
due to hard pan. 
Low and poor quality yields. 
Reduction in harvesting and 
storage activities. Increased 
storage pests infestation. 
Low volumes for marketing. 
Increased grain prices due to 




Causes soil erosion. Increased grain prices due to 
low volumes. Reduction in 
marketing activities.
Use of varieties with strong 
shoots. 
Processing and storage 
activities are carried out 
indoors. 
Built markets so that 
activities are not carried out 
outdoors. 
Plant trees around the farm 
to act as wind breakers. 
Choose plants with deep 
roots that are not uprooted 
easily. 
Reinforce storage facilities to 
withstand strong winds, for 
example by use of material 
such as concrete. 
Increase number of built 
markets. Use strong material 
in buildings that can 
withstand strong winds. 
Lodging and crops are 
uprooted. 
Strong wind on maize stored 



































Importance of commodity to household food
Food Security (Low)
They do not rely on 
maize.
Productivity (High)
Use of improved high 
yielding varieties.
Economic (Vey High)
They grow maize for 
commercial purposes
Adaptation to climate risk
(Medium)
Due to meteorological 
information maize are 
not highly affected
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Provision of seeds
and other inputsTomatoes Harvesting storage and processingOn - Farmproduction Product marketing
Getting land becomes 
difficult due to flooding; Seed 
supply is affected by 
flooding; organic fertiliser 
supply and; petsicide use is 
affected by flooding.
Countours and terracing; 
climbing varieties, using 
ridges in plots; organic 
fertiliser and inorganic; 
fertiiser-drainage; application 
and training on pesticide 
use.
Contours, check 
dams,terracing on high 
slopes, progressive and 
radical terracing; pest and 
diseases management,  




Construction of feeder roads 
through community work 
"UMUGANDA"; construct 
stores with raised 
foundation, storage of 
tomatoes in bags.
Marketing activities through 
cooperatives; aggregation 
and sale by wholesalers and 
retailers.
Decreased purchase of 
improved seeds; 
Water-logged soils make 
nursery preparation difficult; 
Seedlings are washed away; 
Washing off of pesticides 
and insecticides 
Feeder roads are destroyed 
by flooding; flooding can 
destroy bags packed with 
tomatoes; flooding can affect 
processing activities, 
destroys equipment and 
water system in factory; 
Grading and sorting cannot 
take place
Collection and aggregation is 










Construction of contours and 
agro-forestry through 
cooperatives; train farmers 
to use the climbing tomato 
varieties; organic and 
inorganic fertiliser, and use 
of seedbeds.  
Mulching and watering; 
organic and inorganic 
fertiliser.
Land preparation using 
mechanisation; Increase 
factories for inputs; organic 
fertilisers, drought tolerant 
varieties; Use of pesticides 
and insecticides.
 contour, progressive and 
radical terracing; pests and 
diseases management 
cultivate climbing tomatoes 
and make foliar application; 
mulching, 
training on farm drainage 
techniques.
Increase feeder roads; 
Water proof storage; cold 
chain for transport; value 
addition; climate-proofed 
storage and road 
infrastructure. 
Cold storage in markets; 
market information systems; 
credit and investment for 
promotion and marketing; 
training on technologies for 
increasing handling and 
shelf-life. 
Land preparation is difficult; 
dying of plants; lack of 
moisture affects organic and 
inorganic fertilizer nutrient 
assimilation by plants; 
Application of pesticide and 
insecticides without moisture 
can affect plants.
Poor quality produce; Low 
prices of produce; Reduced 
profitability for marketing 
actors.
Tillage is difficult; Difficult to 
make nursery because soils 
are not fine; seedlings dry 
up,digging holes and are 
diffcult; moisture stress 
increases pest infestations. 
Reduced aggregation 
activities; Reduced volumes 
for collection; Low quality 

















Irrigation using dam sheets; 
nursery preparation, 
greenhouse, watering, 
irrigation,mulching,; pest and 
diseases management; 




Grading activities are limited. Aggregation; increase sale 
at farm gate; increased 
prices.
Land preparation using 
tractors; Biodegradable 
seedling bags; mulching; 
pests and diseases control; 
climate smart technologies; 
drought tolerant varieties; 
irrigation; green house 
farming. 




Importance of commodity to household food
Food Security (Medium)
Many people use 
tomatoes in food.
Productivity ( Low)
High demand which 
offers good income. 
Economic (Medium)
Due to perishability of 
tomatoes.
Adaptation to climate risk
(Very High)
Dry season and rainy 
seasons affect value 
chains and can 
damage the crop
Small scale Medium scale Large scaleSmall scale
Value addition; offer credit 
facilities to facilitate 
processing.  
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Milk Harvesting storage and processingOn - Farmproduction Product marketing
Low quantity and quality of 
pasture; increase costs for 




Promotion of drought 
tolerant forage varieties; 
Availability and quality 
control of vaccines and 
drugs.  
Increase number of pasture 
varieties and seed 
multipliers; Fast track, 
purchase of bailer and other 
relevant equipments.
Water storage and 
equipment (dam 
sheets,pump boreholes); 
Increase sinking of 
boreholes; Scaling livestock 
insurance programmes ; 




Enforcing feeds and seeds 
standards; Availability and 
quality control of vaccines 
and drugs; Encourage 
private animal health service 
delivery; heat tolerant 
pasture/fodder; strategic 
reserves for feeds; 
promotion of tolerant animal 
breeds.
Promote grass and 
leguminous improvement; 
Supply of fortified feeds to 
Increase production during 
the dry season; Water 
supply (dams).
Establish collection centers; 
Promote solar energy; 
Promote investment in milk 
processing. 
Promote investment in milk 
processing; invest in solar 
energy for electricity.
Promote pricing policies.
Put in place animal products 
and pricing.
Higher cost of feeding; 
Increase demand for 
vaccination services; low 
quality and quantity of milk.
Increase cost of milk 
collection; Increase 
electricity costs; Increase 
transport costs; Lower 
quantity of products. 
Price increase at farmer 
level
Low quality and quantity of 
pasture; Increase demand of 
veterinary services; AI and 
breeding services, demand 
increasing; Labor.
Price increase at farmer 
level.
Increase feeding costs ; 
Increase demand for 
vaccination services; Low 
quality and quantity of milk.
Increase cost of milk 
collection; Increase 
electricity costs; Increase 
transport costs; decrease 


























Speed up the production of 
the feed and improve 
standard of feed.
Promote milk postharvest 
handling practices. 
Speeding enforcement of 
milk products and standards; 
Formalise trade by training 
milk traders.
Regulate prices for milk 
products; niche markets.
Strengthening the extension 
service and training on 
forage 
production,conservation and 
feeding; Animal health 
services to be improved; 
supply fortified feeds; 
livestock insurance; disease 
surveillance systems.
Increase milk collection 
center; Promote solar 
energy; promote investment 
in milk processing
Some of the suppliers are 
large like inyange..
Medium scale
In our area of 
intervention/PASP we have 
some large scale in the East 
and West
Small scale
They supply the final product 
to supermarkets.
Large scale
We have some that are large 
scale (inyange and 
nyabisindu).
Medium scale
Importance of commodity to household food
Food Security (Very High)




Due to the livestock 
feeding system.
Economic (High)
High demand for milk.
Adaptation to climate risk
(Medium)
During dry season 
production is very low 
and in rainy season 
pests and diseases 
increase.
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Synthesis and Outlook
During high intensity rainfall, flooding damages 
crops due to high slopes and lack of landscape 
and water management. Therefore, strategies such 
as water harvesting, enhancing infiltration, water 
catchments (ponds and canals) can help minimize 
risk to climate change. Use of soil conservation 
methods such as mulching and incorporation of 
agro-forestry systems can additionally minimize 
soil erosion and contribute to water management. 
Improving organic matter through technologies 
such as composting and use of organic fertilizer will 
improve infiltration and build ground water. 
Improved and stress tolerant (to biotic and abiotic 
stresses) genotypes are important to support climate 
change adaptation for smallholder farmers. The 
main genotypes required are cattle breeds that 
can tolerate heat stress, drought tolerant and flood 
tolerant crop varieties. Additional support is needed 
to invest in genetic improvement and breeding.
Efforts to support crop improvement, seed systems 
and prioritization of context-appropriate genotypes 
are required to identify the best mixture of crop and 
livestock species for a given environment based on 
the local needs for maximization of income, food 
security, productivity and adaptation to climate 
change.
Mechanization is required to enhance efficiencies 
across the value chain particularly in land 
preparation, harvesting, threshing, shelling and 
processing. For effective utilization, adequate 
numbers of equipment need to be located near 
the production hubs. An example is in the tomato 
and Irish potato value chains, which are highly 
perishable and require quick processing to escape 
the impacts of floods.
Climate proofing infrastructure e.g. warehouses, 
markets, processing and roads, was cited as an 
effective measure during floods, droughts, strong 
winds and hailstorms. Possible measures to 
minimize the impacts on roads, warehouses, drying 
grounds and buildings include increase road and 
building foundation over the maximum flood level, 
erosion protection, increase capacity of culverts, 
build up weirs and spillways, increase capacity 
of compaction (lower moisture percentage), 
embankment protection through tree plantings and 
use of resistant materials. 
The formation of farmer associations and 
cooperatives for provision of inputs, collection, 
bulking and selling of produce helps members 
to obtain higher production and price compared 
to individual sellers. With a strong income, 
farmers would be able to adapt faster to emerging 
challenges in the production environment. 
Provision of climate information from Rwanda 
Meteorological Agency in collaboration with other 
private and public partners helps farmers and 
cooperatives plan seasonal activities to minimize 
impacts from climate risk. Participatory processes 
can improve climate information for farmers 
and decision makers alike. One such approach 
is the Participatory Integrated Climate Services 
for Agriculture (PICSA) approach. PICSA aims to 
facilitate farmers to make informed decisions based 
on accurate, location specific, weather information 
on locally relevant crop, livestock and livelihood 
options. There is a need to scale out alternative 
ways of communicating climate information, such as 
radio, community meetings, and text messages.
Off-farm services such as index-based insurance, 
early warning systems, credit and financing are still 
very limited for the six value chains in the twelve 
districts.  For the six value chains, the activities at the 
production level are most gravely affected by lack of 
insurance services. Similarly, formal credit facilities 
that could help in supporting production activities 
are low.  Farmers cited the use of proper strategies 
facilities as an effective measure during droughts 
and floods. Storage helps to maintain the condition 
of the produce and protects it from the elements 
and pests. 
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Recommendation for further work
Acritical requirement in addressing vulnerabilities, is 
a harmonized institutional, policy and governance 
environment. The formulation and implementation 
of district-level climate change action plans that 
are grounded in assessment of local needs and 
resources could be an important step towards the 
operation of the country’s climate resilient strategy. 
Furthermore, increased alignment of policy and 
investments will be able to identify opportunities 
that increase that strengthen resilience to climate 
change impacts. We recommend the development 
of climate change investment plans to identify sets 
of transformative climate change investment and 
policy opportunities contextualized depending 
on context in support of the county’s climate 
commitments. 
Climate smart technologies and practices cover 
a wide range of possible interventions along the 
small holder farming processes, from more resilient 
inputs and production and post-harvest techniques 
to supporting services, market linkages and 
institutional anchorage. CCAFS (2016) types them 
as: 
• Weather-smart (e.g. seasonal weather 
forecasts, agro-advisories, weather insurance, 
recommendations based on climate 
analogues, avoided maladaptation)
• Water-smart (e.g. aquifer recharge, rainwater 
harvesting, water-saving agronomic 
practices, community management of water, 
laser leveling, on-farm water management, 
solar pumps)
• Seed/breed-smart (e.g. adapted varieties, 
adapted breeds, seed banks)
• Carbon/nutrient-smart (e.g. agroforestry, 
minimum tillage, livestock management, 
integrated nutrient management, biofuels)
• Institutional/market-smart (e.g. cross-sector 
linkages, local institutions, gender strategies, 
contingency planning, financial services, 
micro-credits coupled with insurance 
solutions, market information, off-farm risk 
management)
We propose capacity building for decision makers’ 
e.g. cooperatives in the prioritization of a short list 
of innovative practices and technologies for each 
value chain. This will also include modules on 
selecting most appropriate practices, for example 
using economic analysis, productivity, climate 
smartness and mitigation. The partners will then 
proceed to participate in the co-development of 
change investment packages for each value chain 
and/or context. 
With climate risk assessment, and especially using 
this information in adaption planning, being an 
emerging field for research, there is need to provide 
a number of qualitative and quantitative learnings 
for the following topics. A better understanding of 
the optimal level of investments given climate risks 
exposure is important to better target adaptation 
options to those who need it most and provide 
investment when appropriate. A second component 
will be to build the capacity of producers, and 
cooperatives to respond to the distinct and very 
diverse needs of farmers e.g. to segment farming 
populations, assess their needs and constraints, 
and customize the short list of investment packages 
accordingly. 
A monitoring and evaluation (M&E) system, using 
an evidence-based results framework, is a critical 
component of the climate change implementation 
process. The M&E system serves to provide 
reliable and up-to-date information track progress 
on investment activities, output, outcomes and 
impact against target, raise flags when adaptive 
actions may be necessary and serve as the basis 
for reporting. Monitoring and evaluation requires 
cross-institutional and cross-scale collaboration 
because investments typically occur at the 
project/subnational level but are relevant to meet 
national and international targets (e.g., Nationally 
Determined Contributions to UNFCCC.
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Challenges
We experienced delays in gathering additional 
datasets required for the climate risk assessment. 
The CIAT team received tremendous support from 
PASP in collecting several datasets to finalize the 
analysis in due time. By the end of the project, 
missing datasets include: 
• Digitized data on location of existing post-
harvest management equipment e.g. 
processing units, solar bubble air dryers, 
threshers, biogas units, solar energy.
• Labor force survey 2017 in order to obtain 
information on percentage of other value 
chain actors employed in the sector e.g. 
processors, input providers, aggregators.  It 
is noteworthy that the PASP matching grant 
scheme, is supporting small holder farmers 
and private sector actors to purchase post-
harvest equipment and facilities. 
• The most recent land use map from MINILAF.
Summary of key 
achievements
District statistics data collection: demographics, 




Literature, report, and development plan review (e.g. 
PSTA3, PSTA4, Rwanda INDCs, PASP Project design 
document and PASP MTR report  etc.)
Key stakeholders consultations and engagement 
representing at least fifteen institutions.
Climate adaptation development workshop with 28 
stakeholders.
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Appendices 
1.2 Climate Adaptation Plans Development Workshop at Marasa, Umubano Hotel, 30 to 
31 August 2018.
Development of adaptation plans for 
the six value chains 
To identify adaptation plans for climatic risks and 
vulnerabilities in the six priority value chains across 
the 12 districts, CIAT organised and facilitated a 
two-day data collection stakeholder workshop 
in Rwanda on 30th to 31st August. This workshop 
brought together twenty eight stakeholders 
namely PASP team representatives, NAEB, selected 
commodity value chain farmers, RAB, Rwanda Youth 
Agribusiness Forum, private sector, MINAGRI and 
the CIAT project staff. The main objectives were to 
1) Present and discuss climate trends (historic) and 
future climate change projections for Rwanda and 
crop suitability maps based on these scenarios 2) 
Identify important hazards and key risks for the 6 
Value Chain Commodities 3) Identify underlying 
climate vulnerability factors and 4) Identify current 
and potential adaptation options and enabling 
environment for the six Value Chain Commodities
To achieve these objectives, we used a 
methodology that focuses on defining value 
chains, (see Appendix 2) to assess how different 
climatic risks are affecting major activities in the 
value chain stages i.e. input supply, on-farm 
production, harvesting, storage and processing 
and product marketing. This approach formed 
the basis for the workshop activities where the 
workshop participants were divided into in 6 main 
working groups representing the 6 commodities 
and were tasked with different activities. These 
included e.g. characterisation of the value chain 
commodity, selection of two important climatic 
hazards based on the climate scenarios presented 
by CIAT,identification of consequences/impact 
of hazards on the value chain activities in the 
respective stages and lastly to identify the best 
adaptation options for the identified consequences. 
By employing this approach, we were able to 
have data collected that will contribute to the 
development of the adaptation plans and allow 
assessment of programmes and institutions capacity 
to deliver on them.Five value chain commodities 
– maize, cassava, Irish potato, dairy milk and 
beans were already identified by the PASP project 
for the target sites. A prioritization process was 
Some of the participants attending the adaptation plans stakeholder workshop, Umubano hotel, Kigali. 
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carried during a stakeholder workshop to identify 
the horticulture value chain to be included for 
agricultural development interventions in the twelve 
project districts.  Four dimensions were selected 
by the participants as criteria for the prioritization: 
the population involved in the value chain, value 
of production, importance of the commodity to 
the economy of the country, and ability of the 
value chain to adapt to impacts of climate change. 
The results of the analysis ranked tomato highest.  
Additional analysis and synthesis of data collected 
during the workshop is ongoing. 
Flowchart of Workshop activities
VALUE CHAIN CHARACTERISATION
VULNERABILITY ASSESSMENT -HAZARD ANALYSIS
UNDERLYING FACTORS
ASSESSMENT OF ADAPTATION OPTIONS
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Workshop participants and institutions represented
No Name Institution
1. Nkundanyirazo Elvis Blaise The Climate Resilient Post-harvest and Agribusiness Support 
Project (PASP)
2. Gisele Nsingize The Climate Resilient Post-harvest and Agribusiness Support 
Project (PASP)
3. Ntaganda J Paul The Climate Resilient Post-harvest and Agribusiness Support 
Project (PASP)
4. Hodari Ngerero The Climate Resilient Post-harvest and Agribusiness Support 
Project (PASP)
5. Michel Masengesho The Climate Resilient Post-harvest and Agribusiness Support 
Project (PASP)
6. Umutoni Jean De Dieu The Climate Resilient Post-harvest and Agribusiness Support 
Project (PASP)
7. Floribert Vuguziga Rwanda Meteorology agency  (REMA)
8. Innocent Bisangwa Ministry of Agriculture and Animal Resources (MINAGRI)
9. Rimenyande Desire Ministry of Agriculture and Animal Resources (MINAGRI)
10. Jane Kayitesi Ministry of Agriculture and Animal Resources (MINAGRI)
11. Aimable Gahigi Rwanda Agricultural Board (RAB)
12. Rukundo Pacifique Rwanda Agricultural Board (RAB)
13. Rosine Rubuga M Rwanda Youth in Agribusiness Forum (RYAF)
14. Munyamahoro Jean Bosco Rwanda Youth in Agribusiness Forum (RYAF)
15. John Rutagengwa Business Development Fund (BDF)
16. Bernard Banamwana Africa Improved Foods Ltd (AIF)
17. Muhizi François National Agricultural Export Development Board (NAEB)
18. Habyarimana Gerald Farmer Organization - Cooperative
19. Uwomeliya Doncille Farmer Organization - Cooperative
20. Dr. Desire Kagabo International Center for Tropical Agriculture (CIAT) - Rwanda
21. Dr. Caroline Mwongera International Center for Tropical Agriculture (CIAT) - Kenya
22. Ivy Kinyua International Center for Tropical Agriculture (CIAT) - Kenya
23. Yvonne Munyangeri International Center for Tropical Agriculture (CIAT) - Rwanda
24. Nicholas Koech International Center for Tropical Agriculture (CIAT)- Kenya
25. Stella Kasura International Center for Tropical Agriculture (CIAT) - Kenya
26. Alphonsia Mukagatera International Center for Tropical Agriculture (CIAT)- Rwanda
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1.3 Key stakeholders consulted during the assignment.
In order to ensure usefulness, adaptability, complementarity and comprehensiveness of the outcomes of this 
work, we consulted the following institutions.
1. PASP project Management team
2. MoE and its affiliated institutions; REMA, RLMUA, RWFA, Rwanda Meteorology Agency, Rwanda Green 
Fund (FONERWA)
3. MINAGRI and its affiliated institutions; RAB, NAEB, and SPIUs
4. MIDMAR
5. MINEACOM 
6. Rwanda Resource Efficient and Cleaner Production Center (RRECPC)
7. Local Government
8. BDF and insurance companies
9. PASP service providers 
10. Agriculture inputs and equipment suppliers and commodities traders 
11. Farmers organizations (Federation, unions, cooperatives, etc)
12. Rwanda Youth in Agribusiness Forum (RYAF)
13. Business Development Fund (BDF)
14. Africa Improved Foods Ltd (AIF)
15. National Agricultural Export Development Board (NAEB) 
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